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Major  changes  in  both  social  systems  and  agrarian  technology  in  the 
Andes  are  predicated  on  disaster-induced  restructuring  events.  These 
catastrophic  events  result  from  the  impact  of  natural  and  cultural  hazards  of  a 
significant  magnitude  on  vulnerable  populations.  Such  crises  force  people  to  re- 
evaluate the  economic  foundations  of  their  subsistence  base  and  to  reconsider 
the  way  in  which  they  interpret  the  world.  As  such,  they  act  as  catalysts  of 
major  change  in  the  ways  societies  provide  for  their  needs  and  express  their 
interpretation  of  meaning  in  material  form. 

The  research  area  for  evaluating  the  hypothesis  of  a disaster-induced 
evolutionary  sequence  is  the  Moquegua  Valley  of  Southern  Peru.  Located  at  17 
degrees  South  latitude  and  71  degrees  West  longitude,  the  Moquegua  drainage 
resides  in  the  arid  South-Central  Andean  sierra.  Agriculture  is  the  source  of  life, 
and  it  can  only  thrive  through  the  use  of  irrigation  technology.  Events  which 

viii 


threaten  the  stability  of  that  economic  base  threaten  the  survival  of  the 
populations  that  inhabit  the  Moquegua  sierra.  Over  the  past  1500  years, 
catastrophic  events  have  resulted  in  major  transformations  in  cultural  influence 
and  agrarian  technology  between  the  several  eras  of  Moquegua  Prehistory. 
These  eras  include  the  Tiwanaku  Omo  Phase  (500  - 650  A.  D.),  Imperial  Wari 
(650  - 750  A.  D.),  Tiwanaku  Chen  Chen  (750  - 950  A.  D.),  Tumilaca  (950  - 1100 
A.  D.),  Chiribaya  (1100-1250  A.  D.),  Estuquina  (1250-1450  A.  D.),  Inka  (1450- 
1532  A.  D.),  and  Colonial  (1532-1821  A.  D.).  These  phases  are  named  after 
cultural  groups  within  the  valley,  but  do  not  necessarily  represent  the  longevity 
of  a particular  culture.  Rather,  they  represent  time  periods  in  which  a particular 
cultural  group  exerted  more  profound  influence  on  economic  organization  and 
ideological  interpretation  over  a majority  of  the  valley. 

Implicated  in  the  changes  which  occur  between  these  phases  are  natural 
hazards  such  as  drought,  El  Nino  coastal  flooding,  and  tectonic  activity  and 
social  hazards  such  as  internal  conflict  and  imperial  conquest.  Both 
technological  and  social  vulnerability  to  these  hazards  were  major  contributors 
to  the  transformations  in  agrarian  land  use  and  cultural  influence  which 
constitute  these  different  epochs.  The  dynamic  Andean  social  and  natural 
environment  has  played  a pivotal  role  in  the  development  of  agriculture  and  the 
evolution  of  society. 
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CHAPTER  1 

DISASTER  THEORY  AND  CULTURAL  EVOLUTION  IN  THE  ANDES 


In  recent  years,  the  theory  of  neo-catastrophism  has  experienced  a 
revival  among  scientists.  Neo-catastrophism  contends  that  geological  structures 
and  the  earth  landscapes  which  they  form  are  primarily  products  of  periods  of 
rapid  and  revolutionary  change.  Earth’s  geological  history  is  built  primarily  by 
major  events  which  precipitate  rapid  changes  in  environmental  conditions  rather 
than  by  slow,  gradual  changes  which  accumulate  over  time  (Huggett,  1990). 

This  version  of  earth’s  geological  history  demands  that  life  forms  develop  new 
adaptations  in  a relatively  short  period  of  time  or  they  are  doomed  to  perish. 

Traditional,  Darwinian  perspectives  on  the  biological  evolution  of  life 
forms  have  been  referred  to  as  phyletic  gradualism,  and  stress  the  regularity 
and  continuity  in  the  rate  of  change  of  a biological  species  . In  contrast  to  this 
perspective,  an  evolutionary  model  of  punctuated  equilibrium  contends  that 
biological  changes  in  a species  occur  in  waves,  with  a great  number  of  changes 
occurring  in  a short  period  of  time  followed  by  an  interim  period  of  relative  stasis 
(Eldredge  and  Gould,  1972).  The  resurgence  of  a catastrophic  perspective  on 
global  environment  change  revitalizes  the  punctuated  equilibrium  model  by 
supporting  the  tenets  of  its  argument.  By  proposing  that  short  duration 
geological  events  are  the  primary  impetus  for  environmental  change,  neo- 
catastrophism  acknowledges  that  selective  evolutionary  pressures  are  radically 
altered  in  a compressed  time  frame.  These  new  pressures  require  new  rapid 
adaptations  for  survival. 
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The  punctuated  equilibrium  model  holds  that  species  do  survive  these 
events  by  rapidly  evolving  new  adaptations  to  the  modified  environment.  Neo- 
catastrophism  supports  this  argument,  unlike  the  pre-Darwinian  notion  of 
catastrophism.  The  original  form  of  catastrophism  had  its  roots  in  religion  and 
contended  that  several  catastrophic  environmental  events  destroyed  entire  living 
systems  and  required  multiple  immaculate  creations  of  living  things  to 
repopulate  the  world.  Although  geological  neo-catastrophism  shares  a name 
with  the  archaic  concept,  its  implications  for  life  history  are  radically  different  in 
conjunction  with  the  punctuated  equilibrium  model. 

An  application  of  this  concept  of  rapid  evolutionary  change  to  the  cultural 
evolution  of  social  systems  has  been  applied  to  the  Andes  by  Moseley  (1987); 
culture  history  is  characterized  by  a continuity  in  social  systems  punctuated  by 
periods  of  rapid  change  caused  by  disaster  which  is  triggered  by  social 
vulnerability  to  hazard.  The  periods  of  stasis  are  marked  by  gradualism  in 
culture  change  in  which  small,  slowly  occurring  changes  introduce  minimal 
restructuring  of  the  social  system  over  a long  period  of  time.  When  an 
overwhelming  hazard  intersects  with  a community  characterized  by  vulnerability, 
rapid  and  massive,  though  often  temporary,  restructuring  occurs  to  address  the 
disaster  situation.  This  temporary  restructuring  often  results  in  drastic  long-term 
changes  to  the  social  structure  of  the  affected  society.  Imperative  to  this 
framework  are  the  intensity  and  recurrence  intervals  of  the  hazards  and  long 
term  fluctuations  in  social  preparedness.  In  investigating  the  nature  of  these 
changes  in  the  Andean  archaeological  record,  both  of  these  factors  must  be 


addressed. 
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Crisis  and  Change  in  Andean  Archaeology 

Paleoenvironmental  investigations  into  the  nature  of  Andean  hazards 
have  recorded  the  tenacity  with  which  the  Andes  are  subjected  to  these  crises. 
Severe  earthquakes,  volcanic  eruptions,  and  coastal  El  Nino  flooding  are  some 
of  the  violent  events  which  can  drastically  alter  the  course  of  history.  Keefer 
(1994)  analyzes  earthquake  activity  for  Andean  Peru  over  the  past  several 
centuries  and  concludes  that  the  recurrence  interval  of  severe  earthquakes  is 
less  than  a century  for  any  part  of  the  Pacific  coastal  region.  Longer-term 
climatic  perturbations  can  produce  other  hazards,  such  as  decade-long  droughts 
or  temperature  anomalies,  which  effect  agricultural  productivity  and 
sustainability.  Thompson  (1992)  uses  glacial  core  data  to  demonstrate  that  not 
only  were  severe  decadal  droughts  experienced  in  the  past  1500  years  of 
Andean  history,  but  that  at  least  one  severe  centuries-long  also  afflicted  the 
Andean  region. 

Archaeological  research  documents  the  profound  effects  these  hazards 
have  had  on  numerous  Andean  societies  over  the  past  few  thousand  years. 

The  crippling  effect  severe  environmental  hazards  have  on  the  economic 
infrastructure  in  Andean  societies  has  been  demonstrated  in  several  cases. 
Secondary  social  disasters  which  have  arisen  in  the  environmental  milieu  of 
Andean  natural  hazards  have  perhaps  been  even  more  devastating,  but  have 
not  received  as  much  attention.  An  example  of  a secondary  social  disaster 
would  be  inter-polity  conflict  over  food  resources  as  a result  of  decreased  water 
due  to  severe  drought.  Such  conflict  can  rapidly  alter  the  socio-political 
configuration  of  an  afflicted  society. 

For  example,  one  of  the  most  well  known  myths  of  ancient  Peru  tells  the 
story  of  a great  flood  which  forced  the  overthrow  of  a 350-year  dynasty  in  the 
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Figure  1:  Map  of  Peru  showing  the  locations  of  places  mentioned  in  the  text. 
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Time  Scale  Period/Horizon 


Figure  1-2:  General  chronology  of  Andean  Peru,  including  cultures  and  periods  mentioned  in 
the  text. 

Lambayeque  Valley  (Moseley,  1990).  The  myth  states  that  a great  ruler, 


Naymlap,  arrived  with  his  entourage  by  balsa  raft  to  the  Lambayeque  Valley  and 
established  a capital  at  Chot.  There  he  set  a green  idol,  called  Yampellec, 
which  represented  him  and  gave  its  name  to  the  Lambayeque  Valley,  in  the 
capital  of  Chot.  A succession  of  eleven  rulers,  descendants  of  Naymlap,  ended 
with  the  cacique  Fempellec,  who  was  tempted  by  a sorceress  to  move  the 
green  idol  from  the  temple  at  Chot.  As  soon  as  he  slept  with  the  sorceress,  the 
rains  began  to  fall.  The  floods  lasted  for  thirty  days,  after  which  followed  a year 
of  sterility  and  famine.  The  people  and  priests  knew  that  it  was  Fempellec’s 
crime  that  caused  the  horror  upon  them,  so  they  bound  his  hands  and  feet  and 
tossed  him  into  the  sea.  The  valley’s  lords  had  been  overthrown  and  a lack  of 
political  authority  characterized  the  social  environment  for  a long  period  of  time; 
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it  was  years  before  the  Chimu  entered  and  conquered  the  valley  (Donnan, 

1990). 

Although  Rowe  and  Zuidema  dismiss  the  Naymlap  oral  history  as 
legend/myth  or  structural  analogy,  Donnan  has  linked  sites  in  the  region  with 
places  in  the  narrative.  He  has  found  a large  El  Nino  flood  event  in  the  geologic 
record  which  matches  in  time  with  reconstructions  of  the  narrative  chronology. 
The  appearance  at  the  same  time  of  a new  ceramic  and  iconographic  tradition 
also  suggests  there  may  be  some  truth  to  the  narrative  (Donnan,  1990). 

Specific  elements  of  the  Middle  Sican  iconographic  tradition  were  purged  from 
the  archaeological  record  in  conjunction  with  the  flood  event,  and  the  new 
ceramic  tradition  continues  to  disregard  these  elements  (Moseley,  1990). 

Middle  Sican  iconography  was  centered  on  a figure  known  as  the  Sican 
Lord,  possibly  a representation  of  Naymlap.  The  following  ceramic  tradition, 

Late  Sican,  continues  to  utilize  auxiliary  creatures  such  as  opposing  toads  or 
birds,  but  is  characterized  by  the  total  absence  of  the  figure  known  as  the  Sican 
Lord  (Shimada,  1990).  Furthermore,  at  the  end  of  the  Middle  Sican  Period,  the 
Sican  Precinct  in  the  city  of  Batan  Grande,  the  paramount  site  in  the  valley  in 
Middle  Sican  is  totally  abandoned.  The  post-flood  stratigraphy  in  the  precinct 
indicates  that  the  site  was  burned  before  abandonment,  an  Andean  tradition  that 
marks-the  end  or  closure  to  an  era  of  use.  All  the  new  public  construction  which 
takes  place  in  Late  Sican  times  is  located  at  Chotuna,  in  the  western  part  of  the 
valley  (Shimada,  1990).  The  political  concentration  of  power  at  Batan  Grande 
was  dispersed  and  the  focus  of  Sican  political  life  moved  to  Chotuna. 

It  is  evident  that  the  ideology  represented  in  the  ceramic  tradition  had 
been  altered  to  preclude  the  reverence  for  the  Sican  Lord.  The  iconographic 
overthrow  is  representative  of  a ideological  and  political  upheaval.  At  Batan 
Grande,  the  political  capital  of  the  Middle  Sican  realm,  the  abandonment  of  the 
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elite  precinct  also  suggests  a break  with  tradition.  The  flooding  described  in  the 
narrative  could  only  be  experienced  in  the  coastal  deserts  of  Peru  as  the  result 
of  El  Nino.  The  ideological  upheaval  characterized  by  the  abrupt  transition  from 
Middle  to  Late  Sican  still  incorporates  some  iconographic  continuity,  although 
with  a different  focus.  Recent  work  on  the  south  coast  of  Peru  implies  an 
ideological  upheaval  due  to  flooding  that  represents  a total  rejection  of  ideology 
(Satterlee,  1993). 

While  modern  disaster  studies  have  indicated  that  the  individual  rejection 
of  religion  or  God  is  a recurrent  theme  in  disaster  victim  response,  the  societal 
rejection  of  ideology  is  rare.  Even  the  most  severe  modern  disasters  have  not 
witnessed  a total  rejection  of  faith  on  a societal  level.  The  magnitude  7.8 
earthquake  which  stunned  North-Central  Peru  with  violent  tectonic  activity  in 
May,  1970,  was  certainly  an  event  of  disastrous  proportions.  The  town  of 
Yungay  in  the  Callejon  de  Huaylas  bore  a heavy  toll  as  a result  of  this 
catastrophe,  as  a wall  of  mud  and  ice  shaken  loose  from  the  Huascaran  glacier 
rolled  over  the  town  and  completely  entombed  most  of  the  buildings  in  meters  of 
mud.  Many  people  died  in  that  wall  of  earth  that  violently  ravaged  the  small  city. 
Yet,  the  people  of  Yungay  did  not  reject  their  ideology.  For  even  after  the  event 
while  people  were  attempting  to  recover,  the  community  established  a church  at 
the  site  of  the  buried  heart  of  the  town,  the  Plaza  de  Armas  (Oliver-Smith, 
1986b). 

Perhaps  severe  disasters  can  so  shake  a society  that  a total  rejection  of 
ideology  is  one  of  the  only  recourses  the  community  has  to  come  to  terms  with 
the  disaster.  The  Chiribaya  were  agriculturists  organized  at  a hierarchical  level 
perhaps  synonymous  to  a chiefdom.  They  farmed  the  lower  valley  and  coastal 
quebradas  of  the  Osmore  drainage  in  Peru,  utilizing  a long  and  extensive  canal 
irrigation  network  in  the  valley  (Owen,  1993;  Satterlee,  1993).  A 20-year  period 
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Fig.  1-3:  Examples  of  Chiribaya  (left)  and  Estuquina  (right)  jars  from  the  Moquegua  Valley. 

(after  Owen,  1993  and  Stanish,  1985). 

of  severe  ENSO  activity  between  1350  and  1370  A.  D.  left  the  agricultural 
infrastructure  totally  destroyed.  Many  of  the  Chiribaya  habitation  sites  were 
covered  in  meters  of  mud  and  rocks,  and  many  of  their  people  dead  due  to 
flooding  and  disease.  Under  these  conditions,  the  possibility  for  resurrection 
with  a declining  population  was  slim.  Even  if  they  could  dig  out  and  reconstruct 
the  agricultural  infrastructure,  the  irrigation  system  was  failing  due  to  the  lack  of 
highland  water  sources  to  feed  the  canals  at  their  uppermost  intakes  (Satterlee, 
1993). 

The  Chiribaya  peoples  abandoned  many  coastal  and  valley  sites  and 
reoccupied  sites  they  had  formerly  abandoned,  such  as  the  site  of  San 
Geronimo  at  the  mouth  of  the  Osmore  River.  Artifacts  recovered  from  post- 
disaster sites  indicate  a dramatic  shift  in  subsistence  base  from  agricultural 
foods  to  a new  post-flood  maritime  subsistence  (Satterlee,  1993).  It  is 
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estimated  that  perhaps  80  percent  of  the  population  was  lost  to  famine  and 
disease  during  the  twenty  year  ENSO  event  (Owen,  1993).  While  emigration 
into  the  area  by  Estuquina  populations  is  documented  in  the  archaeological 
record  through  ceramics,  the  disappearance  of  the  earlier  Chiribaya  assemblage 
is  puzzling.  We  know  that  since  the  Chiribaya  peoples  must  have  continued  to 
occupy  the  region  since  iconographic  elements  derived  from  earlier  Chiribaya 
styles  are  present  in  the  artifact  assemblages  of  post-disaster  sites  (Reycraft, 
1997). 

Chiribaya  iconography  and  by  inference  ideology  were  vibrant  and  florid. 
The  former  belief  system  and  the  aesthetic  appreciation  of  the  Chiribaya  had 
inspired  the  use  of  bright  colors  and  geometric  motifs.  The  post-disaster  pottery 
is  plain  brown  Estuquina  ware,  a ceramic  tradition  without  decoration  and 
represented  by  a purely  technical  mode  of  production.  The  new  pottery  is  bereft 
of  design  and  may  suggest  the  borrowing  of  an  ideology,  or  an  anti-ideology 
from  emigrants  or  highland  neighbors  (Satterlee,  1993). 

The  death  of  the  Chiribaya  culture  cannot  be  entirely  explained  by  the 
biological  casualties  of  the  disaster.  It  is  almost  certainly  true  that  a large 
immigrant  population  influenced  the  character  of  the  region  after  the  ENSO 
activity  and  flood  event,  but  the  Chiribaya  survivors  are  present  at  coastal  sites 
where  artifacts  reflect  the  few  surviving  remnants  of  their  brilliant  artistic 
tradition.  Still,  there  exist  only  a few  traces  of  Chiribaya  ideology  with  little 
continuity  with  the  Chiribaya  interpretation  of  meaning.  Perhaps  the  disaster 
was  so  total  that  the  survivors  could  no  longer  explain  the  meaning  in  their  lives 
through  the  Chiribaya  ideology.  Perhaps  they  were  absorbed  into  the  ethnic 
rubric  of  the  immigrants.  The  result  of  disaster  was  abrupt  social  change, 
precipitated  perhaps  by  both  social  and  natural  crises  over  the  several  decades 
following  the  flood.  Disaster  as  a catalyst  for  change  in  the  economic 
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infrastructure  of  an  agrarian  economy  has  been  documented  in  several  other 
cases  in  Andean  prehistory. 

The  Moche  civilization,  which  reached  its  peak  on  the  North  coast  of 
Peru  in  the  sixth  and  seventh  centuries  A.  D.,  was  struck  by  a great  flood 
between  500  and  600  A.  D.  The  city  surrounding  the  Huaca  del  Sol  and  the 
Huaca  de  la  Luna,  the  center  of  Moche  religious  life,  was  destroyed.  Rebuilding 
was  cut  short  as  sand  encroachment  related  to  El  Nino  buried  the  city  again  and 
forced  the  abandonment  of  the  urban  area  and  its  agricultural  hinterland  for  a 
highland  location  (Moseley  et  al.,  1991b). 

Moche  lost  control  of  the  southern  valleys  in  its  realm  in  conjunction  with 
this  Moche  IV  to  Moche  V transition.  The  new  regional  city  at  Galindo,  located 
near  the  Moche  Valley  neck,  marked  a less  influential  polity  characterized  by 
major  organizational  changes  from  its  predecessor.  The  new  paramount  Moche 
center  shifted  north  to  Pampa  Grande  at  the  neck  of  the  Lambayeque  Valley. 


Figure  1-4.  Examples  of  iconography  on  Nasca  IV  (left)  and  Nasca  V (right)  vessels.  Photo  by 
Lawrence  Dawson  in  Silverman,  1993. 
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These  settlement  shifts  to  the  valley  neck  are  concurrent  with  a severe  three- 
decade  drought  and  may  represent  a reaction  which  focuses  on  water  control 
strategies  (Shimada  et  al.,  1991). 

Concurrent  shifts  in  south  and  central  Andean  coastal  cultures,  such  as 
the  depopulation  of  Maranga  in  the  Rimac  Valley  in  Lima  8 and  the  growth  of 
the  valley  neck  site  of  Cajamarquilla  parallel  the  Moche  case  (Patterson,  1966; 
Shimada  et  al.,  1991).  In  the  lea  Valley,  the  Moche  IV  - V transition  was 
approximated  cnronologically  by  the  Nasca  IV  - V shift.  Several  key  changes 
took  place  during  this  juncture,  including  the  abandonment  of  the  principal 
Nasca  Valley  site  of  Cahuachi  (Silverman,  1993).  Nasca  art  is  also  transformed 
as  the  excessive  detail  of  Nasca  V forms  replaces  the  naturalism  of  Nasca  IV 
(Proulx,  1968).  Military  themes,  such  as  trophy  heads  and  warriors,  replace 
mythical  themes,  suggesting  increased  conflict  (Roark,  1965).  In  addition  to 
iconographic  and  settlement  shift,  agricultural  shifts  representing  drought 
adaptations  also  occur  in  the  Rio  Grande  de  Nasca  region.  The  shift  in  focus 
from  the  upper  valley  to  the  mid-valley  concurrent  with  the  advent  of  pukios  to 
tap  underground  filtration  waters  marks  a more  stable  and  reliable  source  of 
water  in  times  of  drought. 

The  early  Middle  Horizon  drought  was  not  the  only  great  disaster 
experienced  on  a Pan-Andean  scale.  Tiwanaku.  the  great  seven  century 
empire  of  the  Bolivian  altiplano,  may  have  been  destroyed  by  prolonged  drought 
which  first  affected  its  western  valley  provinces  and  then  degraded  the 
agricultural  hinterland  of  the  heartland  itself.  Ortloff  and  Kolata’s  agro-ecological 
model  states  that  Tiwanaku  became  dependent  on  short-term  drought- 
resistance  strategies.  When  faced  with  a centuries  long  drought  beginning 
around  1100  A.  D.,  the  agricultural  infrastructure  collapsed,  and  the  empire  fell 
along  with  it  (Ortloff  and  Kolata,  1993;  Kolata,  1994). 
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These  case  studies  document  a number  of  drastic  changes  in  specific 
contexts  in  Andean  Prehistory.  In  each  case,  an  environmental  disaster 
resulted  in  the  re-negotiation  of  the  political  power  structure,  resulting  in  each 
case  in  a decentralization  of  power.  I argue  that  these  life-altering  disaster 
scenarios  are  part  of  a chronic  scheme  of  disaster  vulnerability  and  long-term 
adaptation  in  the  Andean  environment  and  are  part  of  a continuing  process.  In 
order  to  understand  this  process  of  Andean  response  to  disaster,  it  is  imperative 
to  first  understand  the  general  principles  of  community  response  to  disaster: 
what  makes  a community  vulnerable  to  disaster,  what  steps  must  occur  for 
recovery  to  take  place,  and  what  the  long  term  effects  of  disaster  are  on  social 
change.  The  foundation  for  understanding  these  principles  relies  on  the 
definition  of  disaster. 


Disaster  Defined 

A disaster  occurs  when  a destructive  element  impacts  a society  such  that 
damage  to  major  social  organizational  elements  and  community  infrastructure 
are  interrupted  or  destroyed  resulting  in  severe  individual  and  group  stress 
(Oliver-Smith,  1986a).  These  destructive  elements  may  be  natural  hazards 
which,  impact  the  social  infrastructure  or  directly  cause  destruction  to  social 
structure  through  loss  of  life.  The  destructive  agent  may  also  be  a product  of 
the  society  itself,  such  as  violent  conflict  or  economic  crisis  resulting  from  a lack 
of  support  for  the  political  system.  A disaster,  though,  is  not  the  actual  hazard 
itself.  It  is  the  product  of  the  interaction  between  an  agent  and  a social  system 
that  experiences  a loss  of  continuity  of  meaning. 

Attempts  to  quantify  disaster,  such  as  Bates  and  Peacock’s  (1987) 
definition  that  magnitude  = disaster  loss  / capability  to  respond,  emphasize  the 
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role  of  social  organization  and  vulnerability  and  place  a great  deal  of  emphasis 
on  commodifying  loss.  In  many  respects,  however,  the  effects  a disaster  can 
have  on  changes  in  social  structure  are  not  amenable  to  quantitative  analysis  of 
loss.  Most  disaster-related  changes  in  social  structure  are  identifiable 
qualitatively,  rather  than  by  quantifying  specific  variables.  In  a slightly  different 
approach,  Wenger  classifies  disaster  by  the  intensity  and  scope  of  the  crisis.  In 
this  scheme,  intensity  of  the  crisis  refers  to  the  degree  of  disruption  of  traditional 
social  structures,  while  scope  encompasses  the  inclusiveness  of  the  social 
system  that  is  affected  (Wenger,  1978).  In  contrast  to  the  magnitude  equation 
definition  of  disaster,  the  intensity  and  scope  definition  reinforces  the  degree  of 
disruption  without  attempting  to  place  an  economic  value  on  loss. 

Oliver-Smith’s  recent  reaction  paper  to  the  special  edition  of  the 
International  Journal  of  Mass  Emergencies  and  Disasters  (Quarantelli,  1995) 
advocates  a political  ecology  approach  to  disaster  research.  A political  ecology 
approach  incorporates  the  relationships  between  a human  population,  its 
socially  prescribed  productive  and  allocative  economic  systems,  and  the 
physical  environment  with  which  it  articulates  (Oliver-Smith,  1998).  An 
ecological  perspective  recognizes  that  populations  and  environment  are  not 
separable,  but  are  intricately  intertwined  in  shaping  each  other.  Human  actions 
alter  the  environments  in  which  they  live,  and  both  human  driven  and  naturally 
caused  environmental  changes  affect  the  composition  of  human  population.  A 
political  ecology  approach  identifies  social  institutional  arrangements  as  the 
primary  mechanism  through  which  human  beings  interact  with  their  environment 
and  thus  social  arrangements  are  key  elements  in  the  understanding  of  disaster 
susceptibility. 

Furthermore,  archaeology  has  developed  techniques  for  understanding 
patterns  of  resource  production,  distribution,  and  allocation  from  the 
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archaeological  record.  In  association  with  archaeological  perspectives  on 
population  distributions  and  class  hierarchy  in  an  archaeological  landscape, 
production  and  distribution  systems  can  be  very  informative  about  the  nature  of 
social  institutions  and  their  relationships  (Kirch  and  Sahlins,  1992).  Specifically, 

I examine  agrarian  production  patterns  in  order  to  understand  the  relationship 
between  the  infrastructural  and  structural  components  of  the  social  system 
(Harris,  1979).  Paleoenvironments  can  also  be  accurately  modeled  by  recent 
paleoclimate  research  through  the  analysis  of  cores  taken  from  lake  beds  and 
glacial  deposits  (Abbott  et  al.t  1997;  Thompson,  1992). 

Inherent  in  all  these  definitions  is  that  disaster  is  characterized  by  a loss 
of  continuity  in  social  meaning.  This  loss  is  a result  not  of  a disaster  agent,  but 
of  faith  in  society’s  ability  to  respond  to  crises.  That  is,  perception  of  the 
magnitude  of  a disaster  is  inherent  in  the  social  system  itself,  not  in  the  natural 
disaster  agent  (Britton,  1987).  An  agent  of  similar  proportions  will  affect 
different  societies  in  different  ways;  a societal  ability  to  respond  effectively  is 
what  determines  the  severity  of  the  disaster.  Vulnerability  is  inherent  in  social 
structure  and  not  in  disaster  agents,  although  recurrent  and  severe  agents  will 
forcefully  continue  to  test  social  vulnerability  and  highlight  social  inadequacies. 

A key  factor  in  understanding  how  disaster  affects  social  organization  and 
structure  lies  in  our  understanding  of  social  susceptibility  to  crisis. 

Social  Contexts  of  Disaster  Susceptibility 

According  to  most  disaster  researchers,  the  impact  period  following  a 
disaster  is  a critical  time  in  the  recovery  from  disaster.  Several  factors  affect 
recovery  during  this  period.  Important  in  this  period  are  the  risk  of  secondary 
disasters,  which  can  effect  the  mobilization  of  resources  for  rescue  and  recovery 
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efforts . The  community  s collective  motivation  to  recover  is  also  an  important 
factor  in  recovery  (Cuny,  1983).  If  individuals  are  not  sure  that  their  efforts  will 
affect  the  future  for  the  better,  they  are  unlikely  to  act  as  effectively.  For 
example,  market  instability,  threats  of  relocation  from  authorities,  or  land  tenure 
problems  will  drastically  affect  the  collective  motivation  to  engage  in  recovery 
efforts 

An  archaeologically  identified  disaster  that  is  not  a direct  consequence  of 
an  environmental  hazard  may  be  a secondary  disaster  that  eclipsed  the  scale  of 
the  primary  catastrophe.  For  example,  bioarchaeological  research  indicated 
that  malnutrition  and  disease  played  a high  role  in  mortality  during  a specific 
time  period.  Paleoclimate  data  reflected  a severe  drought  that  occurred  just 
prior  to  the  period  of  increased  mortality.  Archaeological  data  indicated  that 
agricultural  attrition  was  also  taking  place  between  the  drought  and  the  period  of 
malnutrition.  The  temporal  correlation  and  sequencing  of  the  natural  event  that 
destroyed  the  economic  infrastructure  which  provided  sustenance  to  the  afflicted 
population  confirms  that  the  secondary  disaster  of  famine  and  malnutrition 
exacerbated  the  effects  of  the  original  drought  itself.  Understanding  the 
consequences  of  post-impact  processes  are  instrumental  in  an  analysis  of  a 
disaster-induced  evolutionary  sequence. 

The  Importance  of  Emergent  Groups 

One  of  the  most  important  aspects  of  the  post-impact  period  is  the 
emergence  of  groups  and  organizations  specifically  created  to  deal  with  the 
situation.  Disasters  fragment  the  traditional  social  system,  and  authority  is 
decentralized  to  a large  number  of  groups  (Thompson  and  Hawkes,  1962). 

Since  disaster  represents  a special  situation  that  established  organizations  are 
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usually  not  prepared  to  deal  with,  emergent  groups  are  key  players  in  the 
recovery  process  (Mileti  et  al.,  1975).  Emergency  actions  are  guided  by 
collective  goals  and  controlled  by  emergent  central  authorities.  Factors  that 
prevent  the  creation  of  emergency  structures  and  the  emergence  of  disaster 
authority  tend  to  slow  or  halt  recovery  (Dynes,  1978). 

Emergent  authority  is  important  in  the  absence  of  the  established 
authority’s  ability  to  act.  It  is,  therefore,  imperative  to  note  that  weakness  of 
traditional  authority  structures  in  disaster  is  not  so  important  as  long  as  they  do 
not  impede  the  emergent  groups’  ability  to  act.  Emergent  groups  are  legitimized 
and  crystallized  where  there  is  a lack  of  inter-organizational  coordination,  when 
there  is  an  absence  of  an  effective  central  authority  or  legitimization  of  the  group 
by  an  established  pre-disaster  authority,  and  when  demands  are  in  excess  of 
established  organizational  abilities  (Stallings,  1978).  The  key  to  understanding 
effective  response  to  disaster,  then,  is  to  understand  the  factors  which  inhibit  the 
emergence  of  disaster  organizations.  Most  of  these  factors  are  inherent  in  the 
social  structure  of  the  pre-disaster  social  system.  Others  have  to  do  with  the 
nature  of  the  disaster  itself. 

Conflicting  expert  advice,  especially  conflict  between  traditional  and 
emerging  authority,  can  create  an  atmosphere  in  which  recovery  is  very  difficult 
(Cuny,  1983;  Fischer,  1994).  The  traditional  power  structure  probably  cannot 
provide  all  the  needs  of  the  community,  and  the  emergent  structure  lacks  the 
legitimization  to  act  due  to  the  conflict  generated  during  the  power  struggle  with 
the  traditional  authority.  Community  recovery  suffers  when  traditional  authority 
inhibits  the  effectiveness  of  emergent  organizations  by  failing  to  recognize  their 
role. 

Strong  external  influence  may  also  break  up  the  effectiveness  of  internal 
coping  mechanisms  (Kieffer,  1977).  Massive  quantities  of  aid  or  intrusion  of 
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external  aid  agencies  enforcing  their  concept  of  disaster  recovery  can  disrupt 
the  formation  of  emergent  groups  and  emergent  authority.  Not  only  is  the 
internal  recovery  mechanism  debilitated,  but  community  morale  and  motivation 
can  also  suffer  as  a result.  Thus,  communities  which  are  part  of  a 
geographically  dispersed  polity  with  a great  deal  of  dependence  on  a central 
core  for  direction  and  aid  will  be  less  likely  to  recover  quickly  and  effectively 
from  a disaster. 

Centralization  and  Bureaucracy 

Several  of  the  factors  which  inhibit  disaster  response  are  incorporated 
into  the  social  system  of  many  complex  societies.  Kieffer  notes  that  less 
complex  social  structures  have  shorter  recovery  periods  (Kieffer,  1977).  In  an 
archaeological  study  of  volcanism  in  the  Arenal  region  of  Costa  Rica,  Sheets 
(1994)  notes  that  the  less  complex  Costa  Rican  societies  seem  to  have  been 
more  resilient  to  volcanic  disaster  than  the  more  complex  Salvadoran  societies 
to  the  north.  He  argues  that  the  heavy  reliance  on  a built  environment,  a 
domesticated  staple  crop,  and  a more  complex  economic  system  made  the 
more  complex  Salvadorans  more  vulnerable  to  sudden  eruptions.  The  Costa 
Rican,Arenal  societies  experienced  a major  eruption  every  four  centuries  on 
average,  but  there  was  not  sufficient  ecological  impact  or  internal  social 
disruption  to  cause  a recognizable  change  in  the  archaeological  record. 

Bureaucracy  also  plays  a key  role  in  the  ability  of  a society  to  respond  to 
disaster  (Cuny,  1983).  An  overweight  and  overdeveloped  bureaucracy  tends  to 
lead  to  failure  of  coordination  between  existing  groups,  and  prevents  emergent 
groups  from  taking  power  (Gillin,  1962).  At  the  other  extreme,  over- 
centralization of  traditional  authority  also  tends  to  be  maladaptive  in  a disaster 
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situation  (Kreps,  1978).  Relying  too  heavily  on  the  established  organization  and 
leadership  in  disaster  can  lead  to  problems  because  the  rigidity  of  traditional 
roles  preclude  disaster  obligations  in  favor  of  traditional,  non-disaster  obligations 
(Dynes,  1987;  Perry  and  Pugh,  1978).  Highly  centralized  bureaucracies  fail  to 
react  quickly  in  legitimizing  emergent  groups  because  they  await  official 
instruction  to  act  (Mileti  et  al. , 1975). 

More  complex  social  systems  also  exhibit  a greater  variability  in  values 
than  do  less  complex  societies  which  are  characterized  by  a higher  degree  of 
value  consensus.  Disaster  exacerbates  the  value  conflict  present  in  complex 
societies,  and  this  presents  special  new  secondary  crises  (Wenger,  1978). 
Therefore,  high  levels  of  conflict  and  a low  degree  of  integration  in  the  pre- 
disaster context  will  inhibit  recovery  from  disaster.  Thus,  both  overweight 
bureaucracies  and  rigid,  over-centralized  power  structures  will  inhibit  the 
effectiveness  of  emergent  groups  and  delay  or  halt  disaster  recovery. 

Social  complexity  and  the  degree  of  centralization  can  also  be  measured 
archaeologically  for  prehistoric  societies.  One  of  the  most  productive  means  of 
gauging  social  complexity  has  arisen  through  the  examination  of  craft 
specialization  (Costin,  1991).  Specifically,  there  is  a direct  relationship  between 
political  centralization  in  societies  where  specific  elite  goods  manifest  political 
authority  and  advances  in  craft  specialization  (Peregrine,  1991).  Settlement 
pattern  hierarchies  within  a region  are  also  an  indicator  of  the  degree  of  social 
complexity  that  was  present  in  a political  system  (Wright  and  Johnson,  1975). 
These  tools  allow  archaeologists  to  measure  the  relative  degree  of  political 
complexity  within  an  ancient  society,  and  are  important  in  assessing  the 
consequences  of  disaster  based  on  varying  levels  of  socio-political  complexity. 
There  are  other  factors  in  addition  to  social  complexity  that  play  a major  role  in 
determining  disaster  vulnerability. 
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Communication  Networks 

Communication  is  also  a key  in  the  recovery  phase  (Fischer,  1994). 

There  must  be  clarity  of  policy  and  direction  (Cuny,  1983),  and  the  organizations 
involved  in  recovery  must  be  able  to  communicate  effectively.  The  public  must 
also  be  made  aware  of  the  event.  Efficient  communication  involves  credibility  of 
the  source,  content  of  the  message,  and  confirmation  of  the  event  in  order  for 
people  to  act  (Nigg,  1987).  Communication  networks  that  are  inflexible  and 
force  information  to  be  channeled  along  certain  paths  may  be  more  vulnerable 
to  disaster.  If  lower  level  organizations  cannot  relate  to  each  other  directly,  and 
the  higher  level  institution  which  serves  as  their  communication  nexus  is 
rendered  ineffective,  disaster  response  is  inhibited. 

The  concept  of  the  disaster,  which  Fischer  links  to  a symbolic 
interactionist  approach  (Fischer,  1994),  is  also  an  important  facet  in  response. 
The  way  in  which  a phenomenon  is  viewed  and  understood  affects  action 
toward  that  phenomenon  (Britton,  1987).  For  example,  when  catastrophe  is 
thought  to  be  brought  about  by  spiritual  forces,  only  spiritual  recourse  is  sought, 
leaving  society  vulnerable  (Sjoberg,  1962).  Thus,  the  information  being 
conveyed  in  information  networks,  which  is  based  on  a number  of  factors,  may 
be  detrimental  to  effective  response.  Information  networks  and  the  type  of 
information  they  are  designed  to  convey  are  instrumental  in  addressing  potential 
disaster.  The  rigidity  versus  the  flexibility  of  the  communication  network  can 
have  profound  influence  on  the  long  term  effects  of  disaster  on  social  structure. 

While  communication  networks  can  be  quite  complex,  they  can  also  be 
evaluated  archaeologically,  especially  in  more  complex  societies.  Childe  (1951) 
argues  that  all  civilizations  have  some  form  of  record-keeping.  In  the  Old  World, 
writing  systems  developed  and  were  the  material  manifestation  of  many 
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communication  networks.  In  the  Andes,  the  Inca  used  the  quipu,  a system  of 
knotted  cords  to  record  administrative  data,  and  the  existence  of  quipu  has  also 
been  documented  by  Conklin  for  the  earlier  Wari  empire  (Conklin,  1982;  Isbell, 
1991).  Communication  networks  can  also  involve  more  diverse  media. 

Moseley  (1979)  introduces  the  concept  of  corporate  style  for  the  Andes. 
Corporate  style  is  a codified  iconographic  representation  that  spreads  and 
ideological  message  through  media  such  as  ceramics,  weavings,  carvings,  and 
other  art  forms.  The  distribution  of  these  artifacts  which  form  the  infrastructure 
of  the  communication  network  is  representative  of  the  channels  of 
communication  present  in  a society. 

Effects  of  Interdependence  Outside  the  Local  Area 

Very  complex  and  expansive  political  systems  have  additional  problems 
with  disaster  recovery  unique  to  their  specific  situations.  Nationalized 
leadership  tends  to  become  bureaucratized  in  itself,  and  as  alluded  to  earlier, 
this  can  be  problematic  in  the  recovery  period  (Gillin,  1962).  Furthermore,  the 
geographic  distance  between  central  authority  and  disaster  locale  can 
drastically  affect  response.  Authorities  in  the  capital  are  not  likely  to  understand 
the  disaster  problem,  and  local  authorities  are  apt  to  wait  for  instruction 
regarding  a course  of  action.  When  a government  official  fails  to  act, 
emergence  of  a communication  center  and  a command  authority  is  difficult, 
community  fragmentation  ensues,  and  a return  to  equilibrium  is  halted 
indefinitely  (Thompson  and  Hawkes,  1962).  Likewise,  local  communities  that 
are  part  of  a larger  social  system  have  become  dependent  on  that  system  in 
complex  situations  (Kieffer,  1977).  When  these  communities  are  struck  by 
disaster  and  receive  no  outside  aid,  they  are  likely  to  experience  downward 
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trends,  especially  if  the  seeds  for  deterioration  were  present  in  the  pre-disaster 
context  (Bates  and  Peacock,  1987).  Furthermore,  local  organizations  that  are 
part  of  national  organizations  have  competing  loyalties  and  may  lack  the 
legitimacy  to  act  in  disaster  contexts  (Dynes,  1978). 

Despite  all  the  dangers  inherent  in  certain  forms  of  complex  societies,  the 
resources  at  the  disposal  of  more  complex  societies  are  normally  greater  than 
those  of  less  complex  organizational  structures.  Greater  organizational 
complexity  involves  problems  with  coordinating  routines,  but  implies  greater 
sub-unit  autonomy  and  facilitates  independent  reaction  in  non-routine  (i.e. 
disaster)  situations  (Kreps,  1978).  Thus,  hierarchically  organized  complex 
systems  that  maintain  flexibility  in  information  networks  and  some  degree  of 
sub-unit  autonomy  can  be  effective  in  dealing  with  extreme  disaster  situations. 
These  key  factors  in  understanding  social  vulnerability  to  disaster  are  also  some 
of  the  most  important  factors  scholars  have  identified  in  long  term  cultural 
development  and  social  change. 

Disaster  and  Social  Change 

Behavior  which  follows  the  aftermath  of  emergency  cannot  be  considered 
social  change  unless  that  behavior  is  incorporated  in  structural  terms  into  the 
latent  social  structure  of  the  community  (Bates  and  Peacock,  1987).  As  we 
have  seen  above,  disaster  brings  whole  new  forms  of  organization  into  being, 
but  these  do  not  result  in  social  change  unless  they  are  incorporated  into  the 
culture  in  a latent  or  overt  manner.  Disaster  prepares  for  social  change  by 
weakening  social  immobility  and  causing  the  dissolution  of  tradition  (Mileti  et  at., 
1975).  The  immediate  aftermath  of  disaster  is  often  characterized  by  the 
temporary  elimination  of  social  stratification  (Perry  and  Pugh,  1978).  While  the 
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social  hierarchy  often  is  reinstated  quite  quickly,  the  experience  of  temporary 
communalism  and  quasi-egalitarianism  will  effect  perceptions  of  the  social  order 
and  will  encourage  movements  for  social  change. 

Disaster  also  encourages  the  socialization  of  organizations,  the  creation 
of  new  organizations  (emergence),  and  the  dissolution  of  old  structures  (Mileti  et 
al.,  1975).  When  these  changes  are  incorporated  into  the  post-disaster  social 
structure,  they  can  have  drastic  effects  on  social  composition  in  the  post- 
disaster community.  For  example,  the  new  leadership  which  is  characterized  by 
group  emergence  reduces  the  legitimization  which  normally  stems  from  stable 
government  (Mileti  et  al.,  1975).  Likewise,  revitalization  movements  and 
revolutionary  patterns  are  brought  to  the  forefront  as  people  are  dissatisfied  with 
the  traditional  power  structure’s  inability  to  deal  with  the  crisis  effectively 
(Sjoberg,  1962). 

Disaster  can  also  destroy  infrastructure  and  force  technological 
innovation  to  make  the  infrastructure  less  vulnerable  to  future  disaster.  These 
changes  in  technology  and  infrastructure  may  result  in  changes  to  the 
stratification  system  of  the  division  of  labor  in  society  (Bates  and  Peacock, 

1987).  For  example,  certain  disasters  may  favor  the  development  of  complex 
hydraulic  infrastructure  which  requires  specialized  management  structures.  The 
development  of  this  new  technology  introduces  changes  to  the  social 
stratification  of  society  as  hydraulic  management  structures  are  introduced  into 
the  power  configurations  of  the  social  system.  As  these  infrastructural 
components  become  more  important  to  the  functioning  of  the  general  economy, 
the  management  structures  which  control  them  will  change  the  configuration  of 
social  stratification  and  the  social  power  structure. 
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Disaster  and  the  Process  of  Cultural  Evolution 

The  various  factors  which  affect  social  vulnerability  and  impact  social 
change  are  also  central  to  the  long  term  process  of  cultural  evolution.  Wright 
argues  that  information  flow  is  the  key  to  understanding  political  development, 
since  it  is  reflective  of  regulation  and  administrative  organization.  Information 
flow  is  subject  to  channel  capacity,  and  greater  amounts  of  information 
exchange  require  greater  levels  of  hierarchy.  Furthermore,  information  flow 
cannot  exist  alone;  it  is  conveyed  in  the  flow  of  matter  and  energy,  which  can  be 
documented  archaeologically.  Thus,  more  complex  societies  channel  more 
information  among  their  constituent  parts  and  develop  more  complex  and 
hierarchical  organizational  structures  to  manage  this  information  (Wright,  1978). 

In  a disaster  context,  when  communication  networks  are  stressed  and 
their  flexibility  is  tested,  information  flow  limits  are  reached.  Organizations  that 
may  not  ordinarily  communicate  may  forge  new  channels  of  communication  to 
deal  with  the  disaster  situation.  Crisis  highlights  inadequacies  in  the 
communication  network  and  can  influence  changes  to  the  mechanisms  of 
information  networks.  The  hierarchically  organized  and  rigid  information 
networks  characteristic  of  many  complex  societies  are  typically  ineffective  in 
dealing  with  communication  in  crisis  situations.  Thus,  disaster  situations 
provide  an  environment  in  which  drastic  changes  to  information  networks  are 
more  likely  to  occur. 

While  Wright’s  treatise  examines  the  role  information  networks  play  in  the 
development  of  social  complexity,  Flannery  examines  the  actual  process  of 
changes  in  social  structure  in  more  detail.  He  argues  that  the  flow  of 
information,  matter,  and  energy  are  key  variables  in  understanding  the  evolution 
of  civilization,  and  that  the  control  of  variables  relating  to  these  flow  factors  is 


24 


crucial  in  the  development  of  civilization.  Specifically,  he  argues  that  evolution 
depends  on  the  creation  of  new  forms  of  institutions  and  institutional 
relationships.  In  this  framework,  the  mechanisms  of  promotion  and  linearization 
in  the  institutional  hierarchy  lead  to  more  complex  forms  through  centralization 
and  segregation.  Linearization  relies  on  the  forging  of  new  relationships  and 
new  roles  between  existing  institutions.  Promotion  also  requires  an  organization 
to  take  on  a drastically  new  role,  or  to  emerge  from  an  existing  institution.  While 
these  processes  can  promote  the  elaboration  of  hierarchy  and  increasingly 
complex  forms  of  organization,  they  can  also  eventually  lead  to  hypercoherence 
between  institutions  which  may  result  in  collapse  and  devolution  (Flannery, 
1972).  This  processual  explanation  examines  how  states  evolve  and  collapse, 
but  does  not  directly  address  the  social  environment  in  which  these 
mechanisms  function. 

It  is  clear  that  episodes  of  system  inconstancy  will  introduce  more 
linearization  and  promotion  processes  than  episodes  of  relative  social  stability. 
Situations  which  promote  group  emergence  and  organizational  mobility,  then, 
are  potential  sources  of  innovation  and  development  of  more  complex  social 
forms.  Disaster  research  has  documented  that  successful  response  to  disaster 
is  based  on  these  particular  processes.  In  contrast  to  equilibrium  or 
maintenance  of  the  status  quo  as  a model  of  normal  social  stability  and 
continuity,  disaster  response  represents  a time  of  dynamic  social  restructuring 
(Oliver-Smith,  1996). 

Thus,  the  disaster  prone  Andean  environment  theoretically  can  contribute 
to  the  reorganization  of  institutional  structure,  and  the  processes  of  linearization 
and  promotion.  It  may  act  as  a catalyst  in  the  process  of  rapid  cultural 
development,  leading  to  new  forms  of  organizational  structure.  Likewise,  it  can 
drastically  erode  popular  support  for  a political  or  religious  system.  If  system 
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structure  and  hierarchy  fail  to  reassert  themselves  in  the  aftermath  of  disaster, 
decentralization  and  hypercoherence  among  institutions  can  result  in  the  loss  of 
organizational  structure  and  the  collapse  of  the  political  unit. 

In  order  to  test  the  reality  of  this  theoretical  construct,  I devote  the  rest  of 
this  work  to  an  examination  of  the  evolutionary  sequence  of  irrigation  cultures 
inhabiting  the  arid  Moquegua  drainage  of  far  Southern  Peru,  especially  in 
reference  to  social  structure  and  irrigation  technology,  the  primary  economic 
mainstay  of  the  dry  Andean  sierra. 

Archaeological  Correlates  of  a Disaster  Induced  Evolutionary  Sequence 

If  the  model  described  above  is  a reflection  of  the  actual  evolutionary 
sequence  of  social  development  in  Moquegua,  then  the  following  archaeological 
correlates  should  be  present  in  the  archaeological  record.  First,  there  should  be 
evidence  for  major,  rapid  transformations  in  social  organization  and  irrigation 
technology  interspersed  by  periods  of  relative  stasis.  These  shifts  will  be 
reflected  archaeologicaliy  in  several  ways.  One  is  settlement  change 
characterized  by  mass  abandonment  of  occupied  sites  and  the  establishment  of 
new  sites,  possibly  of  very  different  form.  This  manifestation  of  social  evolution 
should  be  particularly  apparent  in  cases  of  societal  collapse.  Cultural  evolution 
due  to  disaster  impact  represents  the  massive  loss  of  organizational  structure 
and  the  formation  of  new  institutions  and  new  organizational  relationships. 

Evidence  for  changes  in  inter-organizational  relationships,  such  as  the 
processes  of  linearization  and  promotion  enforce,  may  be  manifested  by  a 
change  in  the  form  of  community  and  household  spatial  structure  as  reflected  in 
architectural  remains.  These  material  structural  shifts  reflect  changes  in 
economic  structures  and  organization.  For  example,  increases  in  household 
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storage  facilities  at  the  expense  of  community  storage  reflects  a change  in  the 
relationship  between  the  consumer  and  producer  of  the  item  being  stored.  One 
institution  (the  state)  relates  more  directly  to  another  (the  household  storage 
system)  while  the  third  institution  (the  community  storage  system)  ceases  to 
play  an  important  role. 

Major  architectural  reconstruction  phases  within  a community  will  also 
reflect  direct  and  indirect  disaster  impacts.  Rebuilding  after  an  earthquake 
damages  structural  components  of  community  monuments  represents  a direct 
response  to  the  impact  of  a natural  hazard.  Reconstruction  phases  in  the 
absence  of  evidence  for  agricultural  or  architectural  infrastructural  damage  is  a 
manifestation  of  social  restructuring. 

As  new  organizations  are  formed  and  become  cemented  into  the  social 
information  network,  they  construct  the  architectural  compounds  that  they 
inhabit  to  reflect  their  world  view  (Anders,  1991).  Massive  reconstruction 
phases  represent  the  birth  or  rebirth  of  many  organizations  and  the 
renegotiation  of  information  networks  and  institutional  hierarchy.  These  phases 
can  represent  social  response  to  disaster  impact,  even  if  the  disaster  agent  has 
not  damaged  the  architectural  infrastructure  of  the  community. 

Changes  in  the  hierarchy  and  relationships  between  organizations  will  be 
accompanied  by  changes  in  the  information  networks  that  link  those  institutions. 
In  the  Andes,  corporate  style  plays  an  important  role  in  the  legitimization  of 
power  structures  (Moseley,  1979;  Moseley,  1992).  Corporate  iconography 
represents  a form  of  communication  and  information  network.  The  medium  may 
be  ceramics,  textiles,  petroglyphs,  geoglyphs,  or  a variety  of  other  durable 
goods.  The  message  or  the  content  are  the  corporate  icons,  such  as  the  Sican 
lord  discussed  previously.  Clearly,  changes  in  the  corporate  icons  represent  a 
change  in  the  message  being  communicated,  while  a change  in  the  medium 
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may  represent  a new  information  network  or  a new  audience  being  addressed. 
Drastic  shifts  in  the  iconography  of  corporate  style,  especially  when  the  new 
message  attempts  to  address  the  disaster  agent,  is  a reflection  of  a crisis- 
induced  change  to  the  social  structure. 

In  addition  to  the  evidence  for  massive  social  restructuring  in  the  wake  of 
a crisis,  changes  in  the  primary  economic  base  of  the  society  may  change.  This 
economic  restructuring  is  inevitable  when  a disaster  agent  so  severely  impacts 
the  subsistence  base  of  a society  that  current  technology  cannot  support 
societal  needs  given  the  diminished  resource  base  or  damaged  state  of  the 
economic  infrastructure.  Disaster  agents  that  affect  agricultural  productivity,  the 
principle  subsistence  source  in  the  Andean  sierra,  will  have  as  a consequence 
social  collapse  or  adaptive  response.  Thus,  rapid  shifts  in  agrarian  geography 
and  technology  may  reflect  response  to  disaster  agents. 

With  each  of  these  shifts  in  settlement,  community  structure,  corporate 
styles,  and  agrarian  technology,  there  must  also  be  evidence  that  disaster 
agents  were  the  precipitating  events  in  these  changes.  There  must  be  temporal 
correlation  of  the  disaster  agent  and  the  social  changes.  The  shifts  in 
geography  and  technology  should  reflect  an  adaptive  advantage  to  the  disaster 
agent.  Iconographic  shifts  may  also  reflect  a concern  with  the  disaster  agent, 
such- as  the  metaphorical  overthrow  of  the  iconographic  representative  of  the 
power  that  was  deemed  responsible  for  the  disaster  or  the  incorporation  or 
elaboration  of  icons  representing  successful  adaptive  response. 

One  of  the  most  important,  but  also  the  most  difficult  correlations  to 
identify  in  assessing  the  role  of  crisis  in  change  is  the  social  vulnerability  or 
susceptibility  to  the  disaster  agent  in  the  pre-change  culture  context.  However, 
especially  with  prolonged  disaster  agents,  evidence  for  social  vulnerability  may 
be  present  in  the  events  leading  up  to  the  breaking  point.  Preliminary  attempts 
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at  coping  with  the  disaster  agent  may  be  present  in  the  economic  infrastructure 
before  ultimate  failure.  These  coping  mechanisms  will  often  leave  their  mark  on 
the  remains  of  economic  (i.e.  agrarian)  infrastructure. 

This  study  tests  the  model  of  punctuated  equilibrium  in  the  cultural 
evolution  of  society  in  the  Andean  sierra  by  comparing  the  archaeological  record 
of  the  Moquegua  drainage  with  the  archaeological  correlates  of  a disaster- 
induced  evolutionary  sequence  over  the  past  1500  years.  The  second  and  third 
chapters  address  methodological  concerns  and  environmental  background, 
respectively.  Chapters  four  through  seven  discuss  the  specific  changes  in 
agrarian  landscapes  through  time  and  correlate  these  changes  with  convergent 
disasters  and  the  social  milieu  of  the  period.  Chapter  seven  summarizes  the 
study  and  contemplates  the  most  productive  avenues  of  inquiry  for  future 
research. 


CHAPTER  2 


HYDRAULIC  ARCHAEOLOGY:  A METHODOLOGY  FOR  UNDERSTANDING 
CULTURE  CHANGE  WITHIN  ENVIRONMENTAL  PARAMETERS 

Hydraulic  archaeology  is  the  name  I have  given  to  the  analysis  of 
settlement  history  under  the  constraints  presented  by  the  environment, 
particularly  to  water.  It  is  a methodology  which  reconstructs  the  environmental 
hydrologic  parameters  to  which  society  has  had  to  adapt.  While  it  is  highly 
related  to  settlement  archaeology  and  cultural  ecology,  hydraulic  archaeology 
demands  a knowledge  of  the  behavior  of  water  within  an  ecological  system. 
While  some  may  claim  that  this  type  of  approach  propagates  theories  of 
environmental  determinism  in  socio-cultural  evolution,  I believe  that  it  does  just 
the  opposite.  A hydraulic  approach  attempts  to  realistically  model  the 
constraints  under  which  a society  operates,  and  in  doing  so  it  clarifies  the 
environment’s  passive  role  in  the  evolution  of  culture.  This  environmentally 
based  methodology  accents  the  role  social  factors  have  played  in  the  evolution 
of  agriculture,  as  I will  demonstrate  in  several  analyses  from  the  study  area  in 
Moquegua,  Peru.  This  chapter  summarizes  the  field  methodologies  utilized  to 
collect  the  data  and  the  major  methods  of  hydraulic  analysis  that  are  used 
throughout  the  rest  of  this  work. 


Survey  Methods 

Agricultural  areas,  in  use  and  abandoned,  were  located  and  mapped 
from  several  sources.  The  first  is  a SPOT  XS  image  which  was  instrumental  in 
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locating  areas  of  modern  cultivation  in  the  middle  and  upper  valleys.  The  image 
used  for  this  analysis  was  taken  by  the  SPOT  1 satellite  at  15:01:52  on 
November  10,  1988.  The  scene  identification  for  this  image  is 
16633848811101501521X  and  is  located  within  the  SPOT  world  reference 
system  at  K=663  J=384. 

SPOT  XS  is  a sensor  which  captures  reflected  data  for  each  20  meter  by 
20  meter  square  on  the  earth’s  surface  in  each  of  three  bands.  Band  XS  1 
documents  reflectance  within  the  green  wavelengths  of  the  visible  spectrum 
(0.50  to  0.59  pm).  XS  2 notes  the  reflectance  within  the  visible  red  wavelengths 
of  the  spectrum  (0.61  to  0.68  pm).  XS  3 is  the  band  which  captures  data  from 
within  the  near-infrared  wavelengths  of  the  spectrum  (0.79  to  0.89  pm).  By 
combining  the  data  recorded  in  these  channels,  color  composite  images  can  be 
produced  with  a pixel  size  of  20  meters. 

In  the  hyperarid  desert  environment  of  the  South-Central  Andean  sierra, 
reflected  infrared  imagery  is  extremely  accurate  in  distinguishing  areas  of 
vegetation  from  areas  of  undeveloped  desert  or  areas  of  urban  sprawl.  Since 
almost  all  vegetation  in  the  arid  valley  is  the  result  of  irrigation  and  cultivation, 
areas  of  modern  agriculture  can  be  accurately  mapped  by  performing  a 
classification  of  the  rectified  SPOT  image. 

. In  order  to  define  the  extent  of  modern  agriculture,  I classify  the  SPOT 
image  using  a tasseled  cap  classification  scheme.  The  tasseled  cap 
classification  was  originally  created  for  the  four-channel  LandSat  MSS  and 
seven-channel  LandSat  TM  satellite  images  (Crist  and  Kauth,  1984).  It 
summarizes  the  data  present  in  the  multi-band  imagery  in  4 characteristics 
which  represent  ratio  combinations  of  the  original  channels.  These  ratio 
combinations  are  given  the  names  wetness,  greenness,  yellowness,  and 
brightness  and  represent  an  attempt  to  extract  natural  properties  from 
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reflectance  data  (Crist  and  Cicone,  1984).  Recent  work  by  Labuto  (1991)  has 
defined  the  ratio  parameters  for  greenness,  yellowness,  and  brightness  for  the 
SPOT  image.  Due  to  the  limit  of  3 multispectral  bands  in  the  SPOT  imagery,  no 
wetness  component  could  be  calculated. 

The  SPOT  tasseled  cap  follows  the  TM  classification  in  its  theoretical 
orientation.  Greenness  in  both  instances  provides  an  excellent  means  for 
differentiating  vegetated  from  non-vegetated  areas;  it  ratios  the  near-infrared 
channel,  which  is  scattered  by  vegetation’s  cellular  structure,  to  the  visible 
bands,  which  are  absorbed  by  the  chlorophyll  within  the  plants  (Crist,  1985; 
Labuto,  1991).  Positive  greenness  values  represent  areas  of  vegetation  and 
are  extracted  to  form  the  map  of  modern  cultivation  areas  within  the  valley.  The 
results  of  this  classification  compare  very  favorably  (less  than  5 percent 
variation)  to  the  agricultural  land  use  maps  created  by  the  Peruvian  government 
in  the  1970’s  (ONERN,  1976).  This  indicates  a great  deal  of  continuity  in 
agricultural  practices  over  the  past  ten  years  and  reinforces  both  classification 
schemes. 

Once  modern  agricultural  fields  have  been  mapped,  it  is  necessary  to 
examine  the  hydraulic  pattern  which  integrate  these  fields  into  a productive 
system.  A Ministry  of  Agriculture  chart  and  1:10,000  scale  map  indicating  all 
modern  canals  in  the  Moquegua  Valley  were  used  to  map  primary  canals  which 
irrigate  at  least  five  hectares  of  land  in  the  modern  era  (Moquegua  Ministry  of 
Agriculture,  1983).  In  conjunction  with  a map  created  by  the  Peruvian  natural 
resources  survey  of  hydraulic  structure  (ONERN,  1976)  and  ground  survey, 
these  data  provided  an  excellent  resource  for  mapping  the  modern  canal 
courses  of  the  Moquegua  Valley. 

The  identification  of  past  agricultural  surfaces  and  their  associated 
hydraulic  structure  was  a much  more  complex  endeavor.  The  identification  of 
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abandoned  agricultural  areas  was  a three  step  process.  The  first  step  involved 
radiometric  and  geometric  correction  and  subsequent  classification  of  a SIR-C 
radar  image  of  the  entire  Moquegua  Valley.  The  images  utilized  for  this  analysis 
came  from  data  take  62.61  which  was  acquired  during  the  SRL-2  mission  on  the 
277th  day  of  1994  between  06:54:19.7  and  06:58:07.1.  Radar  imagery  is  an 
active  sensor  platform  in  that  it  sends  out  a signal  which  is  reflected  off  the 
earth’s  surface  and  its  return  is  measured  by  the  sensor.  Because  of  the  way  in 
which  radar  works,  the  resultant  data  is  not  a series  of  grid  cells,  each 
containing  a discrete  value,  as  is  the  case  with  SPOT  data.  Rather,  radar  data 
is  recorded  as  a continuous  variable,  with  normalized  radar  cross  section 
(sigmaO)  ranging  from  +5  decibels  (very  bright)  to  -40  decibels  (very  dark). 

In  order  to  facilitate  its  integration  with  the  SPOT  imagery,  radiometric 
and  geometric  correction  of  this  image  was  undertaken  in  db_byte  format.  Byte 


Figure  2-1:  L-Band  SIR-C  radar  image  of  the  upper  Moquegua  Valley. 
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format  is  a translation  of  the  continuous  decibel  data  of  the  radar  track  to  a data 
format  compatible  with  the  grid  cell  format  of  most  raster  image  analysis 
systems.  The  byte  image  created  for  this  project  by  NASA’s  Jet  Propulsion  Lab 
was  a dual  band  radar  image  representing  the  L (lambda  ~ 24  cm  or  9.4 
inches)  and  C (lambda  ~ 6 cm  or  2.4  inches)  bands  in  a horizontally  transmitted 
horizontally  received  (HH)  mode.  Since  this  radar  run  was  only  acquired  in 
mode  8,  cross-polarized  returns  (HV)  and  vertically  transmitted  vertically 
received  returns  (W)  were  not  available.  Byte  format  only  allows  256  discrete 
data  values  per  band,  so  the  continuous  radar  data  was  converted  into  discrete 
values  with  data  steps  of  0.2  decibel.  The  final  image  was  a dual  band 
composite  with  a pixel  size  of  10  meters. 

A classification  of  the  resultant  radar  image  provided  a first  estimate  of 
abandoned  tracts  of  land  in  the  drainage.  Radar  images  have  their  limitations, 
especially  in  areas  of  rugged  terrain  such  as  in  the  Peruvian  Andes.  One  of 
these  problems  is  radar  shadow.  SIR-C  obtains  its  data  by  sending  radar 
signals  from  the  platform  at  an  inclination  angle  toward  the  earth  and  measuring 
the  reply  time.  Since  these  waves  are  approaching  the  earth  from  the  south  at 
an  angle  of  about  30  degrees,  any  elevational  peaks  will  prevent  the  radar 
return  from  the  areas  just  north  of  them.  Due  to  the  topography  of  the  study 
area  and  the  angle  of  inclination  of  the  radar  platform,  all  north-facing  slopes  are 
effectively  data  absent  since  they  all  lie  in  radar  shadow.  This  problem  can  be 
accounted  for  if  multiple  images  from  various  look  angles  exist  for  the  same 
region.  Unfortunately,  as  of  the  SIR-C  mission,  only  one  pass  had  been  made 
over  the  Moquegua  Valley.  In  order  to  account  for  the  underestimate  of 
abandoned  agricultural  fields,  I turned  to  aerial  photograph  reconnaissance. 

Unrectified  digital  aerial  photographs  were  utilized  to  identify  abandoned 
tracts  of  terracing  and  canals  throughout  the  drainage.  While  the  infrared  SPOT 
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image  certainly  reflects  all  evidence  for  modern  cultivation,  the  aerial 
photographs  only  show  well  preserved  terrace  remnants.  Therefore,  all  aerial 
photograph  interpretation  was  accompanied  by  ground  survey  for  the  entire 
survey  region  in  which  terracing  was  detected.  That  is,  if  a fragment  of 
terracing  was  identified  in  aerial  photographs  or  from  a previous  source  (de 
Vries  et  al.,  1990;  Stanish,  1985;  Owen,  1993),  the  intervalley  ridge  in  which 
that  terracing  was  located  was  walked  over  with  one  transect  over  the  ridge  top 
and  one  transect  midway  between  the  ridge  and  the  valley.  All  hydraulic 
evidence  was  noted  as  well  as  relationships  with  the  archaeological  sites  and 
superposition  in  relation  to  the  other  agricultural  systems. 

Agricultural  area  data  and  principal  canal  fragment  data  were  input  into  a 
geographic  information  system,  ARC/INFO,  for  further  analysis.  Principal  canal 
courses  were  reconstructed  from  the  fragmentary  evidence  using  ARC/INFO’s 
GRID  module.  After  fragment  locations  were  input  into  a GRID  file,  a digital 
elevation  model,  modified  to  reflect  the  slope  of  the  canal,  was  used  as  a cost 
surface.  The  costpath  algorithm  was  utilized  to  interpolate  canal  course 
between  fragments  and  between  the  highest  fragment  and  the  water  source, 
usually  a river.  Because  water  behaves  in  a strict  accordance  with  the  laws  of 
gravity,  and  because  the  Andean  sierra  is  a steep  and  rugged  environment,  this 
type.of  canal  course  reconstruction  is  extremely  accurate. 

Remnants  of  field  remains  and  modern  cultivated  areas  were  also  input 
as  polygon  coverages  into  the  GIS.  These  polygons  were  created  directly  from 
the  SPOT  and  SIR-C  imagery,  from  detailed  hydraulic  maps  created  with  the 
use  of  a laser  theodolite,  and  from  visual  interpretation  of  field  remain  locations 
based  on  topographic  maps  and  the  remotely  sensed  imagery.  While  I had 
access  to  a global  positioning  system  (GPS)  unit  during  my  fieldwork,  I found 
that  the  error  due  to  selective  availability  introduced  to  the  system  by  the  U.  S. 
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Department  of  Defense  was  around  80  meters.  Location  on  the  earth’s  surface 
based  on  topographic  variation  and  1:25000  scale  maps  could  be  estimated 
much  more  accurately,  with  errors  of  around  20  meters.  While  differential  GPS 
could  have  provided  much  higher  spatial  resolution  (sub-meter  accuracy),  the 
lack  of  access  to  additional  GPS  units  prohibited  the  use  of  this  technique. 
However,  I estimate  that  error  rates  of  20  meters  would  result  in  agricultural 
area  estimate  errors  of  less  than  5 percent,  an  acceptable  degree  of  error  for 
this  analysis. 

The  GIS  also  includes  coverage  data  for  archaeological  site  locations 
and  cultural  affiliations  based  on  published  surveys  and  site  specific  studies 
conducted  by  Programa  Contisuyo  researchers  over  the  past  15  years.  Natural 
hydrology  and  topography  taken  from  the  1:100,000  scale  maps  by  the  Instituto 
Geografico  Militar  del  Peru  were  also  digitized  into  GIS  coverages  and  provided 
the  data  base  for  the  creation  of  digital  elevation  models. 

Canal  Excavation  Methods 

Canal  excavations  were  conducted  between  October  1995  and  January 
1996.  Whenever  possible,  a 50  centimeter  wide  excavation  trench  was  cut 
through  each  abandoned  canal  system  to  its  base.  These  trenches  revealed 
information  on  construction  techniques  and  allowed  examination  of  the  post- 
abandonment depositional  patterns  and  reconstruction  of  maximum  discharge 
capacity,  discussed  below. 

Excavation  proceeded  stratigraphically  by  natural  levels  with  a 40  gram 
soil  sample  from  each  level  taken  for  sedimentological  evidence  and  hydraulic 
analysis.  In  addition  a one  liter  sample  of  the  bed  material  which  constituted  the 
base  of  the  canal  was  collected  in  order  to  evaluate  bed  material  composition. 
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A second  trench  was  cut  approximately  ten  meters  upstream  or  downstream  of 
the  first,  depending  on  preservation,  in  order  to  estimate  instantaneous  slope  of 
the  canal  at  the  primary  trench.  The  elevation  difference  between  the  mean 
base  of  the  canal  in  the  two  trenches  was  divided  by  the  exact  horizontal 
distance  to  obtain  slope. 

A profile  was  drawn  for  all  primary  trenches  and  basal  views  were  drafted 
when  canals  were  lined  with  stones  or  uncommon  construction  techniques  were 
encountered.  Canals  that  were  too  poorly  preserved,  had  been  re-excavated  for 
failed  revitalization  attempts,  or  were  in  modern  use  were  not  excavated, 
although  some  modern  canals  were  profiled  to  confirm  the  Ministry  of 
Agriculture's  maximum  capacity  measurements  (Moquegua  Ministry  of 
Agriculture,  1983). 

In  the  lab,  the  40-gram  samples  were  evaluated  on  color  and  size  to 
identify  water  deposited  layers.  Bed  material  samples  were  passed  through  a 
set  of  nested  sieves  in  order  to  calculate  Dg^alues  (diameter  which  exceeds  84 

percent  of  the  particles).  These  numbers  are  used  in  the  Chezy,  Manning,  and 
Darcy-Weisbach  equations  for  calculation  of  maximum  discharge.  The  Chezy 

equation  is  defined  as  v = c (Rs) the  Manning  equation  is  v = KR273  s^2  / n; 
Darcy-Weisbach  is  defined  by  ff  = 8gRs  / v2  where  1/(ff)1/z  = c log  (aR/D84).  In 

these  equations,  C,  n,  and  ff  are  resistance  coefficients;  c,  a,  and  K are 
constants.  R is  the  hydraulic  radius  of  the  channel,  defined  as  the  cross- 
sectional  area  divided  by  the  wetted  perimeter;  s is  the  slope  of  the  energy 
gradient  and  g is  the  gravity  constant.  From  each  of  these  equations,  an 
estimate  of  mean  water  velocity  (v)  can  be  calculated  for  an  ancient  channel. 
Multiplying  v by  the  channel  cross-sectional  area  (A)  yields  the  discharge 
capacity  (Q)  of  the  ancient  channel  (Knighton,  1984). 
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Canals  that  were  excavated  were  subjected  to  hydraulic  discharge 
analyses  in  order  to  better  understand  the  amount  of  land  under  cultivation  and 
to  account  for  differences  in  preservation  and  cultural  practices.  The  main 
variables  in  calculating  the  bankfull  discharge  equation,  or  maximum  capacity, 
are  cross-section  profile,  canal  slope,  and  bed  material  composition  (Knighton, 
1984).  This  information  was  collected  for  each  canal  excavated  as  well  as  for 
several  modern  canals  in  order  to  test  the  viability  of  the  Chezy,  Manning  and 
Darcy-Weisbach  equations  in  this  environment.  By  reconstructing  discharge 
capacities  of  ancient  canals,  we  can  approach  a more  complete  understanding 
of  the  relationship  between  hydraulics  and  cultivation. 

Based  on  the  author’s  statistical  analysis  of  the  maximum  discharge 
capacity  of  canals  currently  in  use  in  Moquegua  (Moquegua  Ministry  of 
Agriculture,  1983),  the  relationship  between  bankfull  discharge  and  amount  of 


Figure  2-2:  Regression  of  irrigation  area  on  maximum  discharge  for  77  modern  canals  in  the 
Moquegua  Valley. 
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irrigated  land  can  be  established.  An  exponential  regression  comparing 
irrigated  area  to  discharge  capacity  was  performed  on  a sample  of  77  modern 
canals  in  the  Moquegua  Valley,  including  several  that  were  probably  originally 
built  by  prehistoric  farmers. 

This  regression  analysis  yields  a Pearson’s  R of  0.689,  indicating  that 
over  50%  of  the  variance  in  irrigation  area  is  attributable  to  discharge. 
Furthermore,  an  F-statistic  test  at  the  .01  level  allows  us  to  easily  reject  the  null 
hypothesis  that  no  correlation  exists  between  canal  discharge  and  irrigation 
area.  Excavation  evidence  for  bankfull  discharge  analysis  of  abandoned  canals 
is  coordinated  with  survey  data  to  determine  the  reliability  of  agricultural  area 
interpretations  based  on  this  relationship. 

Assigning  Agricultural  Land  Use  to  Time  Periods 

The  most  difficult  task  in  reconstructing  the  evolution  of  agriculture  is 
dating  agricultural  systems.  One  of  the  problems  is  that  land  use  in  the 
Moquegua  valley  is  extremely  dynamic.  Over  the  centuries,  canals  are 
constructed,  used,  abandoned,  revitalized,  and  reused  over  and  over  again. 
Within  a functioning  canal  system,  certain  parcels  may  only  be  used  in  the  wet 
season,  while  over  the  decades,  distal  parcels  may  be  abandoned  in  favor  of 
parcels  more  proximal  to  the  water  source  or  vice  versa.  The  dating  method 
used  in  this  analysis  is  the  association  of  principal  canal  and  terraced  areas  with 
architectural  sites,  accompanied  by  superposition  analysis  and  dating  criteria 
derived  from  canal  excavations. 

I date  sites  and  the  use  of  their  associated  agricultural  fields  using 
radiocarbon  dates  from  other’s  excavations,  major  ceramic  styles,  and 
topological  arguments.  Superposition  of  one  canal  system  over  another,  or  of  a 
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site  over  a canal,  augments  the  direct  association  method  of  dating  by  providing 
information  on  relative  chronology  within  a small  area.  Differences  in  surface 
patination  and  preservation  are  also  used  to  understand  the  relative  chronology 
within  a local  area  of  the  drainage.  Finally,  canal  deposits  can  be  used  to 
estimate  the  period  of  last  use  of  a canal.  The  volcanic  eruption  of  Huayna 
putina  leaves  a thick  deposit  of  volcanic  ash  in  those  canals  abandoned  before 
but  close  to  1600  A.D.  The  depth  and  purity  of  the  ash  deposit  can  be  used  to 
provide  a relative  age  of  the  abandonment  of  the  canal.  Those  canals 
associated  with  late  prehispanic  sites  tend  to  have  large  deposits  of  ash  while 
canals  associated  with  earlier  sites  (circa  1000  A.D.  and  before)  have  little  to  no 
ash  deposits.  This  is  due  to  the  fact  that  earlier  abandoned  canals  had  an 
opportunity  to  fill  in  with  eroded  sediment  before  the  ash  fall. 

While  this  dating  method  more  accurately  creates  a constructed  model 
rather  than  a reconstruction  of  agricultural  land  use  throughout  the  centuries, 
the  model  is  fairly  representative  of  the  evolution  of  agriculture.  At  a medium  to 
small  scale  level  of  analysis,  the  model  will  reflect  with  sufficient  accuracy  the 
patterns  of  agricultural  land  use  through  the  past  1500  years. 

Hydraulic  Analysis  Methods 

Another  array  of  hydraulic  analyses  are  used  to  model  water  availability 
and  use  throughout  the  time  periods  represented  in  this  analysis.  This  analysis, 
a water  cost/availability  function,  is  based  on  a number  of  data  sources.  First, 
we  have  a record  of  precipitation  over  the  past  1500  years  based  on  glacial  ice 
cores  from  the  Quelecaya  Ice  Cap  near  Cuzco  (Thompson,  1992).  While  year 
to  year  fluctuations  will  change  from  region  to  region,  long-term  general  trends 
are  characteristic  of  Peruvian  climate  as  a whole.  It  is  these  decadal  trends  that 
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Figure  2-3:  Quelecaya  Ice  Core  50-year  averages  (black  line)  plotted  in  comparison  to  lake 
level  reconstructions  from  Titicaca  Lake  Cores  (data  from  Thompson,  1992.  and  Abbott  et  al, 
1997).  Dark  gray  represents  periods  for  which  lake  levels  are  well  defined;  light  gray  represents 
eras  when  lake  levels  are  not  securely  identified. 

will  also  most  profoundly  influence  major  changes  in  agricultural  production 
strategies  (Shimada  et  al.,  1991). 

The  ice  cap  as  a proxy  for  long  term  precipitation  trends  in  the  South- 
Central  Andes  is  confirmed  by  recent  lake  core  evidence  from  Lake  Titicaca 
(Abbott  et  al.,  1997).  The  securely  dated  portions  of  lake  level  fluctuations  from 
the  Titicaca  cores  over  the  past  1500  years  parallel  long  term  ice  accumulation 
trends.  An  examination  of  fifty-year  averages  of  Quelecaya  accumulation 
converges  with  securely  dated  lake  core  records  in  all  cases,  while  the  variation 
between  the  two  records  exists  only  for  the  dates  for  which  lake  level 
measurements  are  less  secure.  The  convergence  of  two  entirely  independent 
proxies  of  paleo  precipitation  records  supports  the  accuracy  of  both  records  as 
models  of  past  precipitation  values. 
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Figure  2-4:  Five-year  moving  average  of  ice  core  and  river  discharge  trends  from  1959  to  1975 
(data  from  Thompson  in  Kolata,  1993  and  Moquegua  Ministry  of  Agriculture  archives). 

Short  term  precipitation  trends  in  the  Moquegua  Valley  are  also  confirmed 
by  comparing  annual  discharge  measurements  in  the  Torata  and  Tumiiaca 
tributaries  with  ice  accumulation  trends  from  the  Quelecaya  data  set.  This 
correlation  is  based  on  a time  frame  from  1959,  when  Ministry  of  Agriculture 
discharge  data  became  available,  to  1975,  when  industrialization  in  the  upper 
valley  began  to  affect  discharge  measurements  at  the  recording  stations.  I use 
a five-year  moving  average  of  both  discharge  and  ice  accumulation  trends  to 
account  for  local  anomalies  in  precipitation  since  reconstructions  are  based  on 
decadal,  rather  than  annual,  trends  in  ice  accumulation.  A linear  regression 
applied  to  the  data  yields  an  r squared  value  of  .48,  and  passes  an  F-statistic 
test  at  the  .01  level.  Thus,  we  can  reject  the  null  hypothesis  that  no  correlation 
exists  between  the  ice  core  data  and  the  discharge  data  over  this  16  year 


42 


Figure  2-5:  Decadal  averages  of  annual  discharge  in  millions  of  cubic  meters  of  the  Moquegua 
humid  basin  based  on  GIS  analysis  of  modern  water  transport  costs  and  Thompson  et  al,  1991. 
White  line  represents  modern  discharge  levels. 

stretch  (which  represents  21  years  due  to  the  data  used  to  calculate  the  moving 
average). 

The  second  data  source  in  the  water  availability  model  is  the  geography 
of  precipitation  and  runoff  in  the  Moquegua  drainage.  Only  the  area  of  the 
drainage  above  3900  meters  actually  contributes  water  to  the  river  system 
(Rice,  1989).  Therefore,  the  farther  water  must  travel  from  the  3900  meter 
contour,  the  more  water  is  lost  to  evaporation  and  seepage.  Each  plot  of  river 
irrigated  agricultural  land  in  the  valley,  past  and  present,  can  be  assigned  a 
water  transport  cost  which  accounts  for  water  lost  to  evaporation  and  seepage 
per  unit  area.  This  cost  is  calculated  using  Arc/Info’s  route  and  network 
algorithms  applied  to  the  hydrology  coverage  (rivers  and  canal  systems)  for 
Moquegua.  Based  on  discharge  measurements  and  water  loss  calculations 
made  by  the  author,  an  irrigated  unit’s  water  transport  cost  can  be  calculated  as 

WTC  = 1 / (.96  D)  * A,  where  .96  represents  the  amount  of  water  conserved  per 
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kilometer  travelled,  D is  the  distance  in  kilometers  from  the  humid  basin  above 
3900  meters  via  the  hydraulic  route  (calculated  by  GIS  analysis)  and  A 
represents  the  area  irrigated  in  the  unit  (see  Appendix  C). 

Every  parcel  of  river-irrigated  land  in  the  valley  has  a water  cost  which 
increases  the  farther  one  travels  from  the  humid  basin.  Since  practically  all 
surface  flow  from  the  modern  Moquegua  basin  is  utilized  before  it  reaches  the 
sea,  modern  water  use  is  equal  to  total  river  discharge.  By  calculating  the  total 
water  irrigation  and  transport  cost  for  the  modern  time  period  and  dividing  it  by 
the  decadal  average  ice  accumulation  from  Thompson’s  data  (Thompson,  1992) 
for  the  last  decade,  we  obtain  a ratio  of  total  water  cost  to  snow  accumulation. 
For  this  calculation,  only  modern  cultivated  lands  above  Omo  are  used  in  the 
calculation  (figure  3-1),  since  all  lands  below  Omo  are  regularly  irrigated  using 
springs,  wells,  and  pumps  instead  of  surface  flow  (Moquegua  Ministry  of 
Agriculture,  1983).  This  ratio  is  a proxy  for  the  relationship  between 
precipitation  and  discharge,  and  can  be  applied  to  past  values  of  average 
decadal  snow  accumulation  in  order  to  estimate  the  total  discharge  of  the  humid 
basin  for  that  time  period. 

Each  time  period  has  a total  water  cost  based  on  the  location  and  areas 
of  lands  cultivated  by  surface  water  flow  during  that  time  period.  This  total 
water  cost  is  equal  to  the  sum  of  all  the  individual  parcels  water  costs  for  a 
given  time  period.  Thus,  calculating  the  total  water  cost  for  600  A.D.  is  merely  a 
matter  of  summing  the  water  costs  for  every  parcel  of  land  which  was  irrigated 
at  that  time  as  determined  by  the  dating  criteria  discussed  above.  This  analytic 
tool  provides  information  regarding  the  environmental  constraints  of  water,  that 
most  precious  resource  on  the  arid  western  slopes  of  the  central  and  southern 
Andes.  It  can  be  used  to  evaluate  water  available  to  certain  sectors  of  the 
population  at  a given  time  period,  and  we  can  examine  their  reactions  in  light  of 
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this  data.  The  model  can  also  be  used  within  a time  period  to  evaluate  the 
effects  of  water  use  in  the  upper  reaches  of  the  drainage  on  water  availability  in 
the  lower  part  of  the  drainage.  This  perspective  allows  us  to  generate  models 
of  conflict  or  cooperation  between  social  groups  occupying  the  same  hydrologic 
unit. 

Unlike  simpler  water  availability  models,  which  merely  try  to  account  for 
changes  in  rainfall  as  disrupting  the  agricultural  status  quo,  the  hydraulic 
cost/availability  model  is  built  to  account  for  temporal  and  spatial  changes  in 
agricultural  land  use.  It  is  tailored  to  a specific  drainage  basin,  is  empirically 
grounded,  and  permits  analysis  at  a subsystem  level  within  a given  time  period. 


CHAPTER  3 


THE  STUDY  REGION  OF  MOQUEGUA,  PERU 

The  Moquegua  Valley  is  located  on  the  Pacific  watershed  of  the  Andes 
mountains  in  Southern  Peru.  The  geographic  center  of  the  hydraulic  basin  at 
2500  meters  above  sea  level  is  located  at  17  degrees  south  latitude,  70.5 
degrees  west  longitude  near  the  modern  town  of  Torata.  The  largest  center  of 
population  is  llo,  located  on  the  coast  at  the  mouth  of  the  Moquegua  River,  also 
called  the  Osmore  River  in  the  coastal  section  of  the  valley.  The  political  capital 
of  the  Department  of  Moquegua,  which  encompasses  the  Moquegua  Valley  and 
the  headwaters  of  the  neighboring  Tambo  drainage,  is  the  city  of  Moquegua  on 
the  Moquegua  River  at  1420  meters  above  sea  level  (Figure  3-1). 

The  valley  is  situated  in  the  Atacama  desert  and  is  characterized  as  a 
hyperarid  climate.  The  range  of  altitudinal  variation  of  the  hydraulic  basin 
ranges  from  0 meters  at  the  coast  to  over  5000  meters  in  the  headwaters  of  the 
drainage.  The  rainfall  pattern  is  sparse  and  is  characterized  by  a pattern  of 
increasing  precipitation  with  altitude.  In  normal  years,  rain  typically  falls  only  at 
elevations  above  1500  meters,  and  then  predominantly  only  in  the  wet  season 
from  November  to  March.  Runoff  contributes  to  the  river  system  only  at 
elevations  above  3900  meters  above  sea  level;  this  area  is  referred  to  as  the 
humid  basin.  The  coast  almost  never  receives  rainfall.  An  exception  is  during 
El  Nino  events,  which  occur  on  a statistical  average  every  seven  years  (Rice, 
1989). 


45 


46 


Abandoned  agricultural  fields 
Modern  river-irrigated  fields 
Modem  well-irrigated  fields 


100  mm 


0 1 2 3 4 5 
km 


Figure  3-1:  Average  annual  precipitation  map  of  the  Moquegua  Valley,  illustrating  the  current 
agricultural  landscape.  Major  hver  courses  and  towns  which  are  the  centers  of  modern  irrigation 
districts  are  also  depicted. 
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Precipitation  and  Agricultural  Productivity 

The  rainfall  pattern  is  characterized  by  a high  degree  of  monthly  and 
annual  variability.  Generally,  precipitation  and  riverine  discharge  are 
concentrated  in  the  months  of  March  and  April.  September  and  October  are  the 
driest  months  of  the  year,  with  slowly  accelerating  precipitation  values  in  austral 
summer  and  declining  precipitation  values  in  austral  winter.  Interannual 
variation  in  rainfall  is  also  strongly  pronounced.  This  interannual  variability  is 
most  often  characterized  by  excessively  large  increases  or  decreases  in 
precipitation  and  discharge  during  the  height  of  the  wet  season. 

Dry  years  are  generally  characterized  by  the  lack  of  a strong  wet  season 
and  depressed  rainfall  levels  in  all  months  of  the  year.  These  depressed  rainfall 
levels  are  most  crucial  to  the  agricultural  cycle  since  they  effect  water  availability 
at  planting  time  in  the  month  of  September.  High  rainfall  levels  in  the  wet 


Figure  3-2:  Annual  river  discharge  cycle  based  on  averaged  data  from  1959-1975  Moquegua 
Ministry  of  Agriculture  archives  in  relation  to  modern  planting  and  harvesting  stages  after  Dolan, 
1985.  Vertical  axis  is  discharge  per  tributary  in  cubic  meters  per  second. 
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season  generally  do  not  positively  effect  agrarian  production  since  water  is 
generally  abundant  during  those  months  even  in  dry  years  and  water  is  not  as 
crucial  agriculturally  as  it  is  in  the  planting  stage. 

Climate  variation  has  its  most  pronounced  effects  on  agricultural 
production  in  years  of  below  average  precipitation  since  these  times  are 
represented  by  lack  of  water  during  the  planting  stage  when  water  is  most 
crucial  and  most  in  demand.  Periods  of  drought  on  the  decadal  level  can 
severely  cripple  a production  system  since  they  represent  a series  of  these  low 
production  seasons  in  which  surplus  storage  never  has  a chance  to  recover. 

Soils,  Microclimate,  and  Agricultural  Technology 

The  valley  can  be  subdivided  into  three  major  environmental  zones  which 
are  separated  from  each  other  by  topographic  constrictions  of  the  river  valley. 
The  upper  valley,  located  from  approximately  1 500  meters  above  sea  level  to 
just  over  3000  meters  above  sea  level  constitutes  the  highest  zone  of  major 
agricultural  productivity  in  the  valley.  The  topography  in  this  area  is  steep  and 
rugged;  over  80  percent  of  the  area  under  modern  irrigation  is  located  on  slopes 
of  between  13  and  30  percent  (McCreary,  1966). 

. The  predominant  soil  is  the  local  taxonomic  classification  “Experimental 
Series”.  The  30  centimeter  A Horizon  is  a dark  gray-brown  clayey  loam,  30 
percent  of  which  is  a sub-angular  gravel  of  less  than  3 centimeters.  The  B 
Horizon  (30-110  cm)  is  a dark  brown  clay  or  clayey  loam  with  slightly  more 
gravel  included,  around  40  percent.  Subsoils  are  dark  brown  clayey  loams  with 
50  percent  gravel  of  larger  particle  sizes  and  a weak  sub-angular  blocky 
structure,  highly  compact  in  nature.  In  comparison  with  other  soils  in  the 
drainage,  Experimental  Series  soils  are  coarser,  more  compact,  and  more  in 
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need  of  artificial  modification  for  agricultural  pursuits  than  other  regions  of  the 
valley  (McCreary,  1966). 

While  average  annual  temperature  in  the  upper  valley  is  14  degrees 
Celsius  (57  degrees  Farenheit),  maximum  average  range  is  from  7.5  degrees  C 
(45.5  F)  to  24.7  degrees  C (76.5  F).  The  temperature  can  descend  to  below  0 
degrees  C (32  F)  in  the  higher  reaches  of  the  zone  on  some  days  of  the  year, 
and  this  confines  certain  cultigens  to  the  warm  season.  Only  cultivars  adapted 
to  cold  temperatures  can  survive  year  round.  Above  3000  meters,  there  is 
stronger  variation  in  annual  temperatures  and  the  average  annual  temperature 
is  ten  degrees  Celsius  (50  F).  Because  of  these  extremes,  agriculture  is 
confined  to  specialized  species  including  potatoes  and  quinoa  (Rice,  1989). 

The  diversity  of  crop  repertories  in  the  upper  valley  is  thus  limited  by  climate 
based  on  altitude  and  latitude. 

The  Middle  Valley  begins  just  above  the  confluence  of  the  Moquegua’s 
major  tributaries  at  1500  meters  above  sea  level  and  continues  to  the  point  the 
river  course  disappear  under  ground  at  Yaral  at  1000  meters  in  elevation.  The 
topography  in  this  region  is  slightly  undulating  with  most  irrigated  land  falling 
between  grade  of  3 and  5 percent  (McCreary,  1966).  There  are  really  four 
topographic  zones  to  the  Middle  Valley,  however.  The  valley  floor  accounts  for 
about  19  percent  of  the  agricultural  area  in  the  Middle  Valley.  It  is 
predominantly  composed  of  gravel  and  cobbles  in  large  quantities.  Inundatable 
terraces  (45  % by  area)  are  located  on  the  margins  of  the  river  and  are  subject 
to  the  risk  of  lateral  erosion  in  flood  stages.  Although  they  are  generally 
comprised  of  deep  soils  with  thick  textures,  they  are  occasionally  characterized 
by  problems  with  salinity  and  drainage.  Non-inundatable  terraces  (18%  by 
area)  are  superficial  to  moderately  deep  with  medium  textured  to  moderately 
fine  soils.  Slopes  of  the  hills  represent  the  remaining  18  percent  of  agricultural 
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area  in  the  Middle  Valley.  Soil  texture  is  gravel  enhanced  and  varies  in  depth 
and  slope.  While  drainage  is  good,  some  soils  have  salinity  problems  (Rice, 
1989). 

Temperatures  average  18  degrees  Celsius  (64.4  F)  in  the  middle  and 
coastal  valley  zones,  between  0 and  1800  meters  above  sea  level.  However, 
annual  temperature  variation  is  much  more  pronounced  in  the  middle  valley 
elevations,  where  the  average  temperature  range  is  almost  20  degrees  Celsius 
(68  F).  Coastal  temperature  range  is  closer  to  12  degrees  Celsius  (53.6  F). 

This  altitudinal  based  temperature  oscillation  impedes  the  major  diversification 
of  crops  with  increasing  elevation.  Many  cultigens  which  can  thrive  on  the  coast 
will  not  survive  the  temperature  fluctuations  of  the  middle  valley  sierra. 

The  coastal  valley  is  located  between  the  sea  and  500  meters  above  sea 
level.  It  has  low  slope  topography  similar  to  the  Middle  Valley  in  currently 
irrigated  areas.  Only  two  topographic  types  are  present:  valley  floor  (24%  by 
area)  and  inundatable  terraces  (76%  by  area).  Both  areas  have  problems  with 
salinity  and  drainage  as  well  as  excessive  risks  with  lateral  and  fluvial  erosion. 
According  to  an  ONERN  assessment,  there  are  no  soils  in  the  lower  valley  free 
from  limitations  on  agriculture.  Approximately  73%  of  the  510  hectares  of 
irrigable  land  have  mild  to  moderate  limitations  on  agriculture.  A full  24%  is  not 
arable  (Rice,  1989). 

A similar  assessment  of  Middle  Valley  agriculture  indicates  that  30 
percent  of  the  irrigable  area  is  arable  without  limitations.  Another  41  percent 
had  mild  to  moderate  limitations,  while  29  percent  of  the  area  had  severe 
limitations  or  was  not  arable  (Rice,  1989).  The  principal  soil  in  both  the  Middle 
and  Coastal  valleys  is  the  local  Montalvo  series.  The  upper  60  centimeters  of 
the  typical  profile  is  a dark  brown  very  fine  sandy  to  silty  loam  with  a slightly 
compact  stable  medium  granular  structure.  The  small  B Horizon  (15  cm)  is  a 
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brown  to  dark  gray-brown  loamy  sand  with  a soft  consistency  and  no  structure. 
Between  approximately  75  and  150  centimeters  below  the  surface,  a dark 
brown  silty  loam  with  a compact  stable  blocky  structure  is  evident.  The  subsoil 
is  a sandy  material  located  over  a meter  below  the  surface  (McCreary,  1966). 

This  rather  tedious  description  of  soil  and  topography  types  illustrates  the 
major  differences  in  agricultural  soils  of  the  various  valley  zones.  It  also 
highlights  the  diversity  of  topographic  types  within  each  zone.  Most  importantly, 
it  stresses  the  differential  challenges  to  irrigation  agriculture  that  each  zone 
presents.  In  the  upper  valley,  steep  slopes  and  coarse,  granular  soils  present 
the  greatest  challenges  to  agriculture.  Soils  must  be  modified  to  sustain 
productive  agriculture.  Alluvial  silts  deposited  from  irrigation  provide  an 
excellent  source  of  arable  soil.  In  order  to  preserve  those  soils  on  agrarian 
surfaces,  land  must  be  leveled  to  prevent  lateral  erosion.  Agricultural  terracing 
has  thus  played  a prominent  role  in  the  taming  of  the  upper  valley  for  agrarian 
pursuits.  Soils  that  are  artificially  created  by  human  agency  also  have  been 
enhanced  through  the  use  of  fertilizers  including  marine  resource  waste 
products,  llama  dung,  guano  or  marine  bird  excrement  (Julien,  1985),  and  even 
domestic  refuse  (Keeley,  1985). 

The  middle  valley  represents  the  most  naturally  moderate  area  for 
irrigation  agriculture.  Drainage  and  salinity  problems  are  not  as  pronounced  as 
in  the  coastal  valley,  and  the  topography  is  not  as  steep,  nor  are  the  soils  as 
coarse  as  in  the  upper  valley.  Nevertheless,  floodwater  erosion  and  poor 
drainage  adversely  affect  arability,  especially  in  the  valley  floor  and  inundatable 
terrace  zones.  Effective  means  of  improving  agrarian  productivity  have  included 
the  expansion  of  irrigation  canals  onto  the  flat  pampas  flanking  the  valley  but 
outside  of  the  inundation  zone.  This  expansion  may  have  involved  moderate 
preparation  of  the  soils  for  agricultural  use  including  the  use  of  fertilizers,  but  the 
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expansion  of  irrigation  canals  to  these  areas  generally  provide  adequate  silts  to 
make  the  land  arable.  The  pampas  are  gently  sloping  as  well,  and  the  use  of 
labor  intensive  terracing  was  not  necessary  to  prevent  massive  soil  erosion,  as 
was  the  case  in  the  upper  valley.  In  the  coastal  valley,  the  extreme  limits  on 
agricultural  productivity  due  to  salinity  and  drainage  problems  in  all  areas  of  the 
valley  means  that  in  order  to  significantly  enhance  agrarian  production,  long 
contour  canals  have  to  be  constructed.  These  canals  skirt  the  steep  valley 
sides  to  bring  water  to  the  mild  to  moderately  sloping  narrow  quebrada  fans  that 
sit  several  meters  above  the  valley  floor.  The  productivity  of  fields  associated 
with  these  systems  would  be  theoretically  much  more  pronounced  than  the  rest 
of  the  coastal  valley  due  to  the  alleviation  of  severe  limitations  on  agricultural 
productivity  (salinity  and  drainage). 

In  each  valley  zone,  an  intensification  and  elaboration  of  irrigation 
agriculture  boosts  productivity  within  that  zone.  However,  these  new  agricultural 
technologies  also  introduce  new  technological  vulnerabilities  to  natural  hazards 
that  are  not  as  pronounced  in  the  less  intensive  and  less  productive  valley 
bottom  systems. 


Natural  Hazards  Impacting  the  Study  Area 

Agrarian  expansion  and  contraction  will  be  strongly  influenced  by 
environmental  perturbations  that  effect  the  productivity  of  intensive  irrigation 
systems.  These  include  severe  El  Nino  flood  events  in  the  coastal  valley  which 
induce  mud  slides  from  the  valley  slopes  that  bury  agricultural  fields,  canals, 
and  associated  settlements.  The  most  severely  effected  agrarian  systems  will 
be  the  most  productive  and  labor  intensive  ones,  that  sit  on  the  quebrada  fans 
above  the  valley  bottom.  In  Northern  Peru,  these  catastrophic  El  Nino  events 
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wash  tons  of  fine  sediment  into  the  sea.  This  sediment  can  be  deposited  on  the 
beaches  and  picked  up  by  the  wind  to  create  migrating  dunes.  Sand  dune 
incursions  have  been  implicated  in  the  destruction  of  coastal  agrarian 
landscapes  in  the  Santa  Valley  in  Peru  (Moseley  et  al.,  1991b). 

Drought  has  also  played  a principal  role  in  the  transformation  of  Andean 
agriculture.  Recent  climatological  data  from  the  Quelecaya  Ice  Cap  in  the 
Central  Peruvian  sierra  indicate  that  extreme,  prolonged  events  of  fifteen  to 
thirty  percent  decreases  in  precipitation  have  plagued  the  Andes  over  the  past 
1500  years.  These  severe  droughts  have  ranged  from  decades  to  centuries  in 
duration.  The  most  pronounced  of  these  droughts  includes  a three  decade 
drought  between  562  and  594  A.  D.  (Shimada  et  al.,  1991)  and  a centuries  long 
drought  beginning  slightly  after  the  first  millennium  A.  D.  (Kolata,  1994). 

Phreatic  subsidence  is  another  hydrological  variable  that  will  incite 
agrarian  collapse.  Decline  in  groundwater  flow  may  be  related  to  drought  or 
upstream  water  use  that  prevents  recharging  of  coastal  aquifers  and  incites  both 
the  downslope  migration  of  spring  source  and  a reduction  in  the  discharge  of 
coastal  spring  systems  (Clement  and  Moseley,  1991).  River  downcutting  will 
also  exert  a background  stress  that  will  act  in  similar  ways  to  the  spring 
dessication  in  patterning  agrarian  collapse,  but  will  hypothetically  effect  the 
upper  reaches  of  the  valley  more  profoundly.  Since  the  Andes  are  a growing 
chain,  tectonic  uplift  will  continue  to  effect  the  Andean  landscape.  Rivers 
respond  to  uplift  by  incising  the  course  on  which  they  flow.  This  downcutting  will 
lower  the  level  of  the  river  in  relation  to  the  agricultural  slopes  which  surround  it, 
stranding  irrigation  canals  above  the  water  level.  In  order  to  reactivate  these 
canals,  courses  have  to  be  lengthened  to  draw  the  water  from  an  intake 
upstream  of  the  original.  In  doing  so,  patterned  agrarian  collapse  occurs  at  the 
distal  end  of  an  irrigation  system.  Continued  downcutting  will  eventually  lead  to 
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the  abandonment  of  the  canal,  and  recutting  at  a lower  elevation  which  results 
in  vertical  contraction  of  the  associated  agricultural  system  (Moseley  et  al., 
1983). 

Hydrologically  related  variables  are  not  the  only  events  to  threaten 
Andean  agricultural  systems.  Tectonic  activity  is  ubiquitous  along  the  Peruvian 
coast.  It  is  estimated  that  magnitude  7 or  greater  earthquakes  revisit  regionally 
every  century  (Keefer,  1994).  Earth  movements  such  as  this  can  destroy 
irrigation  infrastructure,  upset  canal  courses,  and  destroy  settlements.  In  some 
cases,  canals  which  originally  had  a one  percent  downward  grade  can  actually 
be  angled  uphill,  rendering  the  canal  inoperable  and  unrepairable  (Ortloff  et  al., 
1983).  Earthquakes  can  also  induce  landslides  which  destroy  canal  intakes  and 
litter  agricultural  fields  with  massive  boulders.  In  some  cases,  earth  movements 
may  even  shake  agricultural  terraces  so  violently  that  they  become  the  landslide 
material  and  form  a gelatinous  mass  that  contributes  to  massive  and  rapid 
erosion  of  the  planting  surface. 

Tectonic  activity  also  means  volcanic  activism  in  the  Peruvian  sierra.  The 
most  noteworthy  event  of  this  nature  in  the  Moquegua  region  was  the  eruption 
of  Huayna  Putina  in  1600  A.  D.  in  the  neighboring  Tambo  drainage.  The 
eruption  sent  tons  of  ash  into  the  air,  blanketing  the  sky.  raining  down  on 
agricultural  fields,  and  filling  in  canals.  Besides  the  obvious  crop  destruction  in 
the  immediate  aftermath  of  the  event,  it  is  likely  that  planting  surfaces  took 
several  years  to  rehabilitate  if  they  were  not  completely  abandoned.  These 
natural  events  have  exerted  a profound  influence  on  the  course  of  history  in  the 
Andes  and  specifically  in  the  Moquegua  Valley. 


55 


A Brief  History  of  Moquegua 

The  history  of  occupation  in  Moquegua  is  well  defined  in  some  eras  and 
still  in  need  of  much  work  in  others.  The  earliest  evidence  for  human 
occupation  dates  to  10,000  years  ago  at  the  Ring  Site  near  the  city  of  llo. 

These  early  inhabitants  began  a tradition  of  maritime  subsistence  which 
prevailed  throughout  prehistory  and  into  the  modern  era.  This  Early  Archaic 
period  site  is  joined  by  several  other  investigated  sites  to  represent  some  7000 
years  of  prehistory  known  as  the  Archaic  Period.  Pre-eminent  sites  of  coastal 
Moquegua  that  have  received  systematic  investigation  from  this  time  period 
include  Wise’s  (1990)  excavations  at  Carrizal,  Kilometer  4,  and  Villa  del  Mar, 
Rasmussen’s  excavations  at  Yara,  and  excavations  at  Chorillos  by  Isla.  In  the 
high  sierra  above  3500  masl,  archaic  hunters  and  gatherers  roamed  the  hills 
during  the  early  phase  of  this  era.  The  transition  to  sedentism  in  the  high  sierra 
is  documented  by  Aldenderfer’s  (1993)  excavations  at  Asana.  Despite  the 
excellent  scholarship  being  conducted  on  this  period,  there  is  still  much  to  be 
done,  for  this  broad  era  covers  over  half  of  human  history  in  the  Andes. 

The  transition  to  the  next  broad  classification  of  human  prehistory  in 
Moquegua  is  marked  by  the  invention  of  pottery  and  the  increasing  importance 
of  agriculture.  The  early  ceramic  periods  of  Moquegua  are  certainly 
characterized  by  continued  maritime  subsistence  on  the  coast  as  documented 
at  the  Wawakiki  and  Carrizal  Quebradas  investigated  by  Bawden  (1989b).  The 
coastal  valley  also  exhibits  evidence  for  first  occupation,  as  evidenced  by 
Owen’s  (1993)  survey.  The  early  ceramic  represents  the  first  substantial 
occupation  of  the  middle  Moquegua  Valley,  between  1000  and  2000  masl,  as 
well.  Here,  the  commencement  of  wide  scale  irrigation  agriculture  was 
developed  by  a people  called  the  Huaracane,  who  occupied  the  valley  perhaps 
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Figure  3-3:  Cultural  chronology  of  Moquegua  (Moseley  et  al.,  1991a;  Owen,  1993;  Stanish,  1985;  Goldstein,  1989,  Burgi,  1993) 
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as  early  as  2000  B.  C.  The  Huaracane  represent  the  transition  to  agriculture 
and  first  colonization  of  the  bread  basket  of  modern  Moquegua,  yet  very  little  is 
known  about  their  culture,  which  lasts  for  well  over  a thousand  years. 

Feldman’s  (1989)  seminal  work  defined  some  basic  cultural  traits  and 
Goldstein’s  recent  surveys  have  provided  rich  details  on  the  extensive  and 
intensive  nature  of  Huaracane  settlement  (McAndrews,  1995),  but  much 
remains  to  be  done.  Our  current  understanding  of  the  Early  Ceramic  is 
inadequate  for  assessing  detailed  analysis  of  agricultural  production  during  this 
era.  The  Early  Ceramic  does  seem,  however,  to  have  been  confined  primarily 
to  the  limits  of  modern  agriculture  and  to  elevations  below  1500  meters.  This  is 
documented  by  the  lack  of  Early  Ceramic  occupations  in  the  upper  valley 
surveys  conducted  by  Owen  and  Stanish  (Owen,  1993;  Stanish,  1985). 

The  more  detailed  picture  of  Moqueguan  prehistory  begins  with  the 
establishment  of  an  imperial  colony  by  the  Titicaca  state  of  Tiwanaku  at  the  site 
of  Omo  in  the  heart  of  Huaracane  territory.  The  Omo  Phase,  correlating  with 
the  altiplano  Tiwanaku  IV  (A.  D.  375-725)  represents  a period  of  probable 
multiethnic  occupation  of  the  middle  valley.  Goldstein  (1989)  suggests  in  his 
seminal  study  of  the  Tiwanaku  colony  that  the  colonists  were  small  scale 
agriculturists  procuring  or  growing  goods  for  the  state  that  were  incapable  of 
being  produced  in  the  altiplano  heartland.  The  Omo  Phase  occupation  of  the 
valley,  with  Tiwanaku  colonies  dispersed  among  native  Huaracane  settlements 
may  be  best  portrayed  as  the  multiethnic  settlement  pattern  ascribed  to  Murra's 
vertical  archipelago  model. 

The  local  colonial  situation  in  Moquegua  was  drastically  altered  with  the 
late  6th  or  early  7th  century  A.  D.  intrusion  of  the  Wari  imperial  colony  on  Cerro 
Baul  (Moseley  et  al.,  1991a).  Although  the  Wari  entered  a section  of  the  valley 
without  substantial  previous  occupation  (Owen,  1993),  they  dominated  the 
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upper  valley  and  were  poised  to  control  access  to  the  rivers  that  brought  water 
to  the  downvaliey  agricultural  fields.  Yet,  their  control  over  the  valley  lasted  a 
very  short  time,  perhaps  no  more  than  a century. 

Tiwanaku  re-established  its  imperial  presence  on  a grand  scale  in  the 
eighth  or  ninth  century  A.  D.  with  the  dedication  of  a temple  at  the  site  of  Omo 
and  a massive  agrarian  and  settlement  expansion  on  the  Pampa  Chen  Chen. 
This  settlement  lends  its  name  to  the  local  chronological  Chen  Chen  phase 
(Goldstein,  1989).  With  the  collapse  of  the  Tiwanaku  state  presence  in 
Moquegua  and  the  eventual  collapse  of  the  state  itself,  the  southern  Andes 
began  a phase  of  local  development  and  regionalism  (Bermann  et  al.,  1989). 

The  cultural  remnants  of  the  Tiwanaku  state  in  Moquegua,  known  locally 
as  Tumilaca,  expanded  to  inhabit  all  parts  of  the  valley,  from  the  coastal  valley 
(Owen,  1993)  to  the  upper  sierra  at  2500  masl  (Stanish,  1985).  Pronounced 
Tumilaca  presence  is  noted  in  the  upper  valley  irrigation  systems  on  the  flanks 
of  the  previous  Wari  colony  of  Cerro  Baul.  Tumilaca,  though  more 
geographically  dispersed  within  the  drainage  than  its  predecessors,  is  also  less 
politically  centralized  with  several  regional  subcultures  within  the  valley. 

Commencing  slightly  later  than  the  Tumilaca,  but  contemporary  in  the 
coastal  valley  for  several  decades  was  the  Chiribaya  cultural  tradition  (Owen, 
1993),  Stanish  (1985)  notes  that  Chiribaya  settlement  in  the  Otora  Valley  during 
what  he  calls  the  Otora  Phase  postdates  Tumilaca  settlement  while  Owen’s 
(1993)  work  on  the  coast  also  indicates  that  Chiribaya  outlasts  Tumilaca  and  is 
present  in  the  lower  valley  until  the  middle  of  the  fourteenth  century  A.  D.  Both 
Tumilaca  and  Chiribaya  presence  in  the  upper  valley  are  tenuously  dated,  but 
are  bracketed  on  the  earlier  end  by  the  Chen  Chen  collapse  and  on  the  later 
end  by  the  following  Estuquiha  tradition.  Owen  (1993)  notes,  based  on  several 
radiocarbon  dates,  that  the  Tumilaca  tradition  exists  in  the  coastal  valley 
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between  950  and  1050  A.D.  and  evolves  into  the  llo-Cabuza  style,  which  lasts 
to  perhaps  1150  A.  D.  Chiribaya  ceramic  development  endures  from  975  to 
1350  A.  D. 

The  Estuquiha  tradition  of  the  middle  and  upper  valleys  dates  between 
approximately  the  thirteenth  and  sixteenth  century  A.  D.  The  earliest 
radiocarbon  date  yet  obtained  from  an  Estuquiha  phase  occupation  context  was 
1142  +-  70  A.  D.  at  Capanto  (Burgi,  1993).  Many  of  the  radiocarbon  dates  from 
the  several  sites  which  have  been  dated  cluster  in  the  fourteenth  and  fifteenth 
centuries,  suggesting  that  the  later  Late  Intermediate  represented  the 
fluorescence  of  Estuquiha.  Estuquiha  also  becomes  established  on  the  coast 
after  the  Chiribaya  collapse  around  1350  A.  D.  (Owen,  1993;  Satterlee.  1993). 

Moquegua’s  prehispanic  history  is  capped  by  the  Inka  invasion  and  a 
momentous  siege  of  the  indigenous  resistance  by  Inka  legions  on  the  mesa  of 
Cerro  Baul  around  1475  A.  D.  The  tale  of  the  Cerro  Baul  site  has  earned  it  the 
title  of  “Masada  of  the  Andes”  as  a geographic  and  historic  analog  to  the 
Israelite  site  on  the  shores  of  the  Dead  Sea.  Unlike  the  Roman  conquest  of 
Masada  however,  the  Inca  conquest  of  Baul  did  not  result  in  a mass  suicide,  at 
least  according  the  chronicler’s  tale.  An  Inca  tambo  and  an  Inca  administrative 
site  (Burgi,  1993)  placed  in  the  upper  valley  within  the  general  area  of  the  old 
Wari  capital  of  the  region  document  the  relative  importance  of  the  valley  in  the 
Cuntisuyu  region  of  the  Inca  empire. 

The  Spanish  conquest  drastically  altered  the  social,  political,  and 
agricultural  environments  of  Moquegua  slightly  after  the  1532  A.  D.  conquest  by 
Pizarro.  Most  of  Moquegua  was  granted  to  encomenderos  who  converted  the 
valley  to  the  production  of  wine  and  olives  (Rice  and  Ruhl,  1989).  Only  in  the 
upper  valley  of  Torata,  where  indigenous  communities  claimed  to  be  part  of  the 
royal  encomienda  of  the  Lupaqa,  did  some  freedom  from  direct  Spanish  control 
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exist  (Van  Buren,  1993).  The  valley  became  a production  source  for  the  vast 
quantities  of  wine  consumed  by  the  colonial  mines  at  Potosi  (Rice  and  Ruhl, 
1989). 

The  liberation  of  Peru  in  1821  heralded  in  the  Republican  Era  during 
which  Moquegua  continued  to  produce  wine  and  olives.  The  War  of  the  Pacific 
brought  Chilean  troops  and  the  destruction  and  economic  disruption  of  war  to 
the  valley  four  times  between  1879  and  1883  (Kuon  Cabello,  1981).  The 
resolution  of  the  conflict,  fought  partly  for  control  of  the  rich  guano  resources  in 
the  region,  introduces  the  modern  era. 

Today,  Moquegua  is  a small  district  within  the  Peruvian  political  structure. 
The  Department  of  Moquegua  encompasses  the  entire  hydraulic  basin  of  the 
valley,  some  125  km  long  from  the  coast  to  the  peaks  of  Nevado  Arundane,  and 
the  headwaters  of  the  neighboring  Tambo  drainage.  Principle  cultigens  still 
include  olives,  but  are  supplemented  by  fruit  orchards,  alfalfa,  and  a number  of 
scattered  patches  of  the  traditional  crops,  like  potatoes  and  corn.  Irrigation 
waters  drawn  from  the  rivers  are  the  primary  water  sources  for  cultivation  from 
an  elevation  of  1200  meters,  near  the  site  of  Omo,  to  3000  meters,  where  large 
scale  agricultural  limits  for  the  valley  occur.  Below  the  1200  meter  mark, 
modern  pumps  draw  water  from  the  subsurface  aquifer  to  irrigate  the  lower  and 
coastal  sections  of  the  valley  (Moquegua  Ministry  of  Agriculture,  1983).  This 
technology  is  a rather  recent  innovation  and  is  not  in  evidence  for  prehispanic 
agriculture  of  Moquegua  (Rice  and  Ruhl,  1989). 


CHAPTER  4 


CRISIS  AND  CHANGE  IN  THE  MIDDLE  HORIZON 

At  present,  our  control  over  chronology  in  the  Moquegua  Valley  before 
400  A.  D is  not  detailed  enough  to  evaluate  a disaster  induced  initial  settlement 
or  invention  of  agriculture.  Our  knowledge  of  indigenous  cultures  dating  to  the 
preceramic  and  early  ceramic  periods  over  the  geographic  dispersion  of  the 
Moquegua  drainage  is  very  weak,  although  several  current  projects  are 
remedying  that  situation.  Without  a defined  cultural  sequence  for  the  8000 
years  of  occupation  prior  to  400  A.  D.,  which  includes  at  least  2000  years  of 
floodplain  agricultural  development,  it  is  very  difficult  to  assess  a disaster 
induced  cultural  sequence.  Likewise,  we  lack  sufficient  environmental  controls 
for  that  era  of  time,  which  severely  limits  our  ability  to  define  disaster  agents  in 
the  chronological  sequence  before  500  A.  D. 

The  First  Tiwanaku  Influence  in  Moquegua 

Due  to  this  lack  of  tight  chronological  control  before  400  A.  D.,  I will 
confine  my  analysis  to  the  past  1500  years  of  agrarian  history  and  prehistory 
beginning  with  the  establishment  of  Tiwanaku  colonies  in  Moquegua. 

Goldstein’s  (1989)  seminal  work  at  the  site  of  Omo  provides  the  basis  for  our 
understanding  of  the  first  Tiwanaku  occupation  of  the  valley.  This  phase, 
denoted  “Omo”  by  Goldstein,  corresponds  to  the  Tiwanaku  IV  style  in  the 
Titicaca  Basin.  The  Omo  phase  occupation  was  characterized  by  a colonization 
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of  the  Moquegua  mid-valley  in  the  fifth  or  sixth  century  A.  D.,  with  a radiocarbon 
date  on  an  Omo  phase  house  post  at  600  A.  D.  confirming  this  early  settlement 
(Goldstein,  1989).  Omo  represents  the  establishment  of  Titicaca  colonial 
outposts,  but  not  direct  territorial  control  over  the  entire  Moquegua  mid-valley.  It 
is  likely  that  the  local  Huaracane  culture  persisted  and  existed  alongside  the 
Tiwanaku  colonies,  but  the  relationship  between  the  two  awaits  further 
investigation  through  excavations  at  Huaracane  period  sites  (Goldstein,  1989). 

The  Omo  site  represents  the  type  site  for  the  Tiwanaku  IV  presence  in 
the  Moquegua  Valley.  It  is  actually  composed  of  several  distinct  sectors 
spanning  the  time  frame  of  pure  Huaracane  habitation,  radiocarbon  dated  to  the 
beginning  of  the  first  millennium  A.  D.,  to  post-Tiwanaku  collapse  Tumilaca 
occupation  at  the  beginning  of  the  second  millennium  A.  D.  The  character  of 
the  site,  as  documented  by  Goldstein,  changed  drastically  over  time  with  the 
changing  political  configurations  of  internal  and  external  control.  Goldstein 
characterizes  the  initial  Tiwanaku  occupation  in  the  Omo  phase  as  an  intrusive 
imperial  colony.  Imported  ceramic  wares  used  in  utilitarian  contexts  suggest 
that  the  site  was  an  ethnically  Tiwanaku  population  and  not  a local  population 
that  had  been  subjugated  by  the  altiplano  polity.  Furthermore,  house  forms  are 
continuous  with  the  altiplano  and  not  the  local  cultural  traditions  (Goldstein, 
1989). 

The  nature  of  Tiwanaku  control  and  tribute  extraction  in  their  early 
expansion  period  has  been  documented  in  the  heartland  by  Bermann  at  the  site 
of  Lukurmata.  In  the  fourth  century  A.  D.,  Bermann  (1993)  notes  a change  from 
a single,  all  purpose  household  building  to  a multi-building  household  unit 
containing  a possible  storage  building.  In  the  seventh  century  A.  D.,  the 
appearance  of  a special  purpose  domestic  architectural  form,  probably  designed 
for  storage,  appears  in  the  archaeological  record.  These  concerns  with 
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specialized  storage,  in  conjunction  with  an  increase  in  Tiwanaku  prestige  items, 
could  denote  coerced  production  for  export  (Bermann,  1993). 

At  the  Omo  site  during  the  initial  phase  of  Tiwanaku  occupation, 

Goldstein  notes  that  individual  housing  complexes  are  organized  in  plaza 
communities  which  do  not  contain  any  storage  structures.  He  suggests  that  this 
indicates  the  presence  of  a supra-household  storage  facility.  He  also  suggests 
that  the  lack  of  craft  specialization  in  the  Omo  colony  reflects  the  primary 


purpose  of  the  colony  is  agricultural  production,  especially  for  export  crops  such 
as  maize  which  could  not  be  grown  in  the  Tiwanaku  heartland  (Goldstein,  1989). 


64 


At  the  Tiwanaku  capital  beginning  by  500  A.  D.,  Kolata  argues  that  state 
control  of  agricultural  systems  was  manifested  in  a “constructed  landscape  of 
state  production.”  He  contends  that  the  agricultural  systems  were  constructed 
using  state  mechanisms  of  control  over  local  elites.  While  these  local  elites  may 
have  been  fairly  autonomous,  they  were  constrained  and  motivated  by  the 
needs  and  demands  of  the  non-resident,  state  level  elites  in  the  capital  (Kolata, 
1994). 

These  convergent  reconstructions  provide  a context  of  state  expansion 
and  agrarian  infrastructure  investment  during  the  Tiwanaku  IV  expansion.  In 
this  context,  the  agricultural  colonies  of  Moquegua  provided  the  state  with  a 
source  of  exotic  staple  products  not  obtainable  in  the  altiplano  heartland.  The 
state  had  a vested  interest  in  the  continuance  of  production  of  the  Moquegua 
colony,  although  day  to  day  decisions  were  most  likely  left  to  the  colonists. 

Albarracin-Jordan  has  more  recently  argued  that  Tiwanaku  sociopolitical 
organization  was  based  not  on  a centralized  bureaucracy,  but  on  a set  of  nested 
hierarchies  founded  on  the  Aymara  ayllu  concept.  The  ayllu  is  an  extended  kin 
group  which  is  bound  together  based  on  common  descent  through  a real  or 
fictive  founding  ancestor.  The  state  acted  as  a maximal  ayllu , and  phrased  its 
interactions  with  lower  levels  as  reciprocity  based  exchange  as  opposed  to 
tribute  extraction  (Albarracin-Jordan,  1995). 

While  this  perspective  certainly  shifts  the  processes  and  relationships 
involved  in  Moquegua  - Tiwanaku  interaction,  it  does  not  negate  the  state's 
interest  in  agrarian  production  in  Moquegua.  In  fact,  if  the  state  is  conceived  as 
a maximal  ayllu,  the  Moquegua  colony  serves  as  an  island  archipelago  of  that 
ayllu  in  the  sense  conveyed  by  Murra’s  definition  of  vertically  (Murra,  1972). 

The  colonists  are  metaphorically  kinsmen  of  the  altiplano  citizenry  whose  sole 
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purpose  for  being  in  the  coastal  valleys  is  to  produce  and  acquire  goods  which 
are  not  available  in  the  altiplano. 

In  terms  of  vulnerability  to  disaster,  the  Omo  colony  was  subject  to 
certain  trends  which  may  have  prevented  effective  response.  The  colonists 
were  highly  dependent  on  extra-local  power  structures.  The  status  hierarchy  of 
the  colony  was  predicated  on  the  vestiges  of  wealth  objects  created  in  the 
Tiwanaku  heartland.  As  Goldstein  indicates,  status  differentiation  is 
distinguished  by  preferential  access  to  wealth  items  such  as  imported  redware 
ceramics  and  warp  face  polychrome  striped  textiles  in  Omo’s  South  Community 
(Goldstein,  1989). 

The  existence  of  these  same  bulky  status  goods  in  such  large  numbers 
also  suggests  a well  developed  caravan  system  (Goldstein,  1989)  — a form  of 
communication  network.  Yet  this  network  was  designed  to  move  goods,  not 
information.  Communication  times  between  Moquegua  and  the  altiplano 
heartland  of  the  empire  would  still  have  been  rather  long  (perhaps  on  the  order 
of  a week),  which  prohibits  effective  response  given  the  degree  of 
interdependence  between  the  center  and  the  periphery. 

The  degree  of  centralization  of  power  within  the  society  is  probably  still 
debatable.  The  community  of  Omo  certainly  indicates  evidence  for  status 
differences  between  internal  groups  and  individuals,  but  no  strong  material 
evidence  for  a central  hierarchy  at  the  site  is  evident.  It  is  possible  that  a strong 
central  authority  may  have  been  directing  production  from  the  altiplano,  but  that 
possibility  would  require  a more  detailed  analysis  of  exchange  networks 
between  the  two  locales. 

The  strongest  evidence  for  Omo  vulnerability  to  disaster  is  their 
dependence  on  the  distant  altiplano  heartland.  It  is  attested  to  by  the  reliance 
on  imported  goods  as  status  markers,  the  evidence  for  extensive  production  and 
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movement  of  staple  goods,  and  the  perpetuation  of  strong  ethnic  ties  to  the 
altiplano  rather  than  the  adoption  or  development  of  a locally  based  ethnic 
identity.  This  degree  of  dependence  on  a non-local  power  structure  inhibits 
response  capabilities  should  natural  or  social  hazard  impact  the  colony.  In 
addition  to  these  social  factors  which  lead  to  susceptibility  to  hazardous  events, 
the  technological  aspects  of  Omo  economic  infrastructure  — the  hydraulic 
organization  of  agriculture  — is  also  prone  to  collapse  when  faced  with  water 
shortage  stress.  I now  turn  to  an  examination  of  that  economic  infrastructure. 

The  Agrarian  Infrastructure  of  Moquegua  during  the  Omo  Phase 

Recreating  the  agrarian  infrastructure  of  Omo  Phase  Moquegua  is 
somewhat  difficult  due  to  several  factors.  First,  the  lack  of  chronological  control 
over  Huaracane  settlement  patterns  makes  it  difficult  to  assess  the 
contemporaneity  of  Huaracane  and  Omo  sites.  Based  on  Goldstein’s  thorough 
survey  of  the  Moquegua  mid-valley,  however,  Huaracane  populations  had 
intensively  populated  the  entire  middle  valley  when  Tiwanaku  arrived 
(McAndrews,  1995).  There  is  no  evidence  of  a massive  depopulation  of  the 
valley  with  the  Tiwanaku  intrusion,  and  it  is  plausible  to  assume  that  the 
intensity  of  cultivation  during  Omo  times  was  as  extensive  as  during  the 
preceding  Huaracane  period. 

Another  difficulty  facing  the  reconstruction  of  Omo  agrarian  infrastructure 
is  the  lack  of  abandoned  fields  in  the  middle  valley  that  are  associated  with 
Omo  phase  settlement.  Since  the  middle  valley  is  the  modern  focus  of  agrarian 
productivity,  any  lands  abandoned  in  earlier  periods  have  been  reintroduced  to 
cultivation  or  development  with  the  exceptions  of  the  Pampa  Chen  Chen  and 
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the  Pampa  Huaracane.  As  a result,  there  are  no  canal  excavations  nor  field 
system  studies  that  relate  specifically  to  Omo  phase  agriculture. 

Because  of  these  difficulties,  the  recreation  of  agrarian  infrastructure 
during  the  Omo  phase  relies  on  two  assumptions.  The  first  assumption  is  that 
the  middle  valley  was  intensively  settled  during  the  time  of  Tiwanaku  occupation 
by  both  Omo  and  Huaracane  populations.  Based  on  Owen’s  work  in  the  lower 
valley,  we  know  that  the  Early  Ceramic  (Omo  contemporary)  occupation  in  the 
coastal  valley  was  comparatively  sparse  (Owen,  1993).  Owen’s  and  Stanish’s 
surveys  of  the  upper  valley  indicated  that  this  region  was  not  occupied,  or  was 
only  minimally  occupied,  before  approximately  600  A.  D.  (Owen,  1994;  Stanish, 
1985)  Thus,  the  traditional  center  of  agrarian  production  at  500  A.  D.  was 
focused  in  the  middle  valley.  Furthermore,  although  we  do  not  have  a clear 
idea  about  the  occupational  duration  of  Huaracane  settlements,  the  cultural 
remains  of  Huaracane  sites  are  located  on  almost  every  bluff  fringing  modern 
agricultural  land  and  the  valley  plain  throughout  the  entire  middle  valley  except 
the  Pampa  Estuquina  and  the  Pampa  Chen  Chen  (McAndrews,  1995). 

The  second  assumption  for  the  recreation  of  agricultural  land  use  during 
the  Omo  Phase  is  that  all  modern  agricultural  land  fringed  by  Huaracane  or 
Omo  Phase  archaeological  sites  were  in  use  in  the  Omo  Phase  in  order  to 
suppprt  the  intensive  population  postulated  by  assumption  one  above.  In  most 
parts  of  the  middle  valley,  modern  cultivation  does  not  exceed  one  kilometer  in 
width  centered  on  the  river.  Generally,  this  agricultural  area  is  buffered  on  either 
side  by  an  archaeological  site  of  either  Huaracane  or  Omo  affiliation,  and 
represents  the  floodplain  of  the  river. 

As  Silverman  notes,  the  narrow  floodplains  of  the  Nasca  Valley  do  not 
contain  much  evidence  for  human  occupation.  Instead,  prehistoric  sites  are 
located  on  the  margins  of  the  valley  floor  in  order  to  conserve  the  limited  areas 
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Figure  4-2:  Omo  Phase  agriculture  model  (ca.  550  A.  D.) 
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of  agricultural  production  (Silverman,  1992).  The  same  ecological  conditions 
presumably  existed  in  Huaracane  Phase  Moquegua,  and  it  is  reasonable  to 
assume  that  since  Huaracane  sites  fringe  modern  irrigated  areas,  those  areas 
were  probably  irrigated  in  the  Huaracane  Phase  as  well. 

The  reconstruction  of  Omo  Phase  agriculture,  then,  incorporates  all 
modern  agriculture  in  the  middle  valley  fringed  by  Huaracane  or  Omo  phase 
sites.  The  downstream  limit  is  the  area  near  El  Conde,  irrigated  today  by 
pumps  from  the  underground  water  sources,  but  probably  irrigated  by  river 
waters  in  antiquity.  The  upstream  limits  for  Omo  agriculture  are  the  site  of  Los 
Cerrillos  on  the  west  side  of  the  river  and  the  Pampa  Huaracane  on  the  east. 
These  areas  represent  the  upper  limits  of  Huaracane  and  Omo  Phase  habitation 
sites  in  the  drainage.  Between  Yaral  downstream  and  the  Pampa 
Huaracane/Los  Cerrillos  upstream,  Huaracane  sites  are  found  at  least  every 
500  meters  fringing  the  modem  agricultural  land.  Omo  phase  sites  at  Los 
Cerrillos,  Omo,  and  Rio  Muerto  intersperse  with  these  settlements  on  the  east 
side  of  the  river  (McAndrews,  1995). 

This  re-creation  of  the  agricultural  infrastructure  of  Moquegua  can  be 
characterized  as  a focus  on  middle  valley  floodplain  farming.  There  is  not  a 
great  degree  of  investment  in  extensive  terrace  systems  like  those  found  in  the 
uppqr  portion  of  the  valley,  nor  do  the  canals  cross  extremely  steep  and  rugged 
terrain  for  great  distances.  The  technological  aspects  of  irrigation  are  not  very 
complex,  and  probably  represent  adoptions  of  local  norms,  rather  than  the 
import  of  advanced  irrigation  techniques  from  the  altiplano.  Given  the  very 
different  hydrological  regimes  of  the  altiplano  and  the  western  valleys,  it  is  not 
surprising  that  Tiwanaku  hydraulic  technologies  would  not  be  applicable  to  the 
environment  of  the  Omo  colony. 
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The  Omo  agrarian  environment  as  portrayed  here  was  effective  in 
adapting  to  minor  tectonic  activity.  Adjusting  to  changes  in  surficial  topography 
does  not  require  great  amounts  of  human  labor  investment.  Likewise,  while 
extreme  flood  events  can  destroy  canal  intakes  and  inundate  fields,  recovery  of 
the  Omo  agrarian  infrastructure  from  this  sort  of  event  can  be  accomplished 
rather  quickly.  Productivity  losses  in  the  short  term  may  be  intense,  but  effects 
on  productivity  would  be  limited  to  a matter  of  months,  rather  than  years. 

On  the  other  hand,  the  low  lying  valley  bottom  systems  of  the  Omo 
Phase  were  particularly  vulnerable  to  drought.  Upvalley  agrarian  systems, 
evaporation,  and  seepage  will  take  their  toll  on  the  water  supply  first.  When  the 
water  supply  is  diminished  due  to  reduced  rainfall  and  upvalley  fields  continue 
to  produce  at  pre-drought  levels  of  production,  lower  valley  fields  will  bear  the 
entire  effects  of  water  supply  shortages.  Since  the  Omo  fields  are  closer  to  the 
lower  end  of  the  hydraulic  system,  they  are  more  prone  to  water  shortages 
Modern  farmers  in  most  of  the  Omo  agricultural  area  must  rely  on  mechanical 
pumping  of  subterranean  aquifers  to  provide  sufficient  irrigation  waters  to  their 
fields  today  (Moquegua  Ministry  of  Agriculture,  1983)  — a technology  not 
available  to  the  prehistoric  inhabitants  of  Moquegua. 

Thus,  both  social  vulnerability  to  crisis  and  technological  vulnerability  to 
certain  natural  hazards  would  have  plagued  the  Omo  Phase  colonists  of 
Moquegua.  As  discussed  above,  this  vulnerability  would  be  especially 
pronounced  should  upstream  agricultural  systems  begin  to  access  the  water 
supply  at  the  same  time  that  the  highland  water  supply  was  diminishing.  This 
scenario  is  exactly  what  happened  in  the  7th  century  A.  D.  in  conjunction  with 
the  intrusion  of  the  Wari  colony. 
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The  Rise  of  the  Wari  Colony 

The  beginning  of  the  seventh  century  A.  D.  marked  a time  of  tremendous 
change  in  the  agriculture  of  the  Moquegua  Valley  as  well  as  for  the  Andes  as  a 
whole.  The  expansion  of  the  Wari  empire  represented  the  introduction  of  a new 
technology  to  many  parts  of  the  Andes  which  would  have  profound  effects  on 
the  future  of  agriculture  in  the  centuries  to  come.  This  technology,  terraced 
agriculture  in  the  high  sierra,  was  utilized  centuries  earlier  in  the  Early  Horizon, 
as  evidenced  at  Chavin  (Burger,  1992).  However,  in  many  regions  of  the 
Peruvian  Andes,  especially  the  desert  south,  it  was  Wari’s  expansion  which  first 
opened  the  high  sierra  to  agricultural  pursuits.  In  Moquegua,  occupation  of  the 
high  sierra  was  either  extremely  ephemeral  or  nonexistent  until  the  Wari 
intrusion  (Owen,  1994). 

The  Wari  expansion  around  600  A.  D.  occurred  toward  the  end  of  a three 
decade  period  of  20  to  30  percent  below  normal  precipitation  (Shimada  et  al. , 
1991).  Moseley  has  argued  that  Wari  coupled  their  agrarian  technology  with  a 
state  ideology  which  offered  an  agrarian  alternative  to  suffering  through  the  long 
drought  (Moseley,  1992).  The  agrarian  technology  of  high  sierra  farming  did 
radically  improve  on  efficient  use  of  water  by  decreasing  the  amount  of  water 
lost  to  evaporation  and  seepage  in  transport  from  the  rainfall  areas  in  the 
highest  reaches  of  the  Pacific  drainages. 

In  Moquegua,  I estimate  the  Wari  canals  could  irrigate  2.5  hectares  per 
hectare  irrigated  by  the  Omo  and  Huaracane  lands  due  to  its  closer  proximity  to 
the  humid  basin.  That  is,  Wari  agriculture  was  more  than  twice  as  efficient  in 
the  use  of  water  than  its  agricultural  predecessors  in  the  valley.  However,  due 
to  the  lack  of  occupation  prior  to  and  contemporary  with  the  Wari  colonization  of 
the  high  sierra  (Owen,  1994),  it  does  not  appear  as  if  Wari  was  trying  to 
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incorporate  the  local  population  into  its  political  folds.  Rather,  the  Wari 
settlement  in  Moquegua  was  a colony,  designed  perhaps  for  political  or 
defensive  purposes,  but  with  a strong  agricultural  foundation  to  support  the 
colonial  infrastructure. 

Wari’s  occupation  of  Moquegua  was  centered  in  the  Torata  valley,  one  of 
the  high  sierra  tributaries  of  the  Moquegua  River.  Recent  fieldwork  in  the  area 
has  documented  the  existence  of  a hierarchy  of  6 architectural  sites  dating  to 
the  Wari  habitation  and  a canal  system  which  connected  them  all  (Moseley  et 
al.,  1991a;  Owen,  1994;  Williams,  1995).  The  Wari  settlement  is  centered  at 
Cerro  Baul,  an  impressive  mesa  with  sheer  sided  cliffs. 

Excavations  on  Baul  by  Robert  Feldman  indicate  that  the  colonial  capital 
was  an  administrative/ceremonial  site  with  a relatively  short  span  of  occupation 


Figure  4-3:  Orthographic  perspective  of  the  Wari  colony  architectural  and  agricultural 
infrastructure. 
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confined  to  Middle  Horizon  Epochs  IB  and  2A.  Radiocarbon  dates  from  the 
summit  of  Baul  which  fall  within  the  time  frame  of  Wari  occupation  cluster  have 
calibrated  means  of  620  A.  D„  670  A.  D.,  and  770  A.  D.,  which  place  Baul’s 
occupation  contemporary  with  the  end  of  Omo  Phase  occupation  in  the  middle 
valley.  Excavations  on  Baul  also  indicate  the  presence  of  Tiwanaku  and  Wari- 
Tiwanaku  hybrid  ceramic  forms,  which  suggest  some  interaction  between  the 
two  polities  took  place,  perhaps  through  the  Moquegua  colonial  administrators 
of  the  two  empires,  on  the  summit  of  Baul  itself  (Moseley  et  al.,  1991a). 

Following  the  path  of  the  long  thirteen  kilometer  Wari  canal  both 
upstream  and  downstream  of  Baul  are  the  other  sites  of  the  Wari  occupation. 
Upstream  of  Baul  are  located  the  sites  of  El  Paso,  Cerro  Mejia,  and  Cerro 
Petroglifo.  Downstream  sites  include  Pampa  del  Arrastrado  and  Cerro  Baulcito 
(Owen,  1994).  These  sites  are  all  architecturally  differentiated  with  different  site 
attributes  suggesting  a possible  administrative  site  hierarchy  (Nash,  1996). 
Associated  with  the  canal  are  several  remnant  agricultural  terrace  groups. 

Excavation  of  this  canal  near  the  site  of  El  Paso,  about  seven  kilometers 
from  the  source,  indicates  that  the  canal  had  a very  large  discharge  capacity. 
The  canal  sediments  were  highly  compacted  silts  and  fine  sands  with  a notably 
thin  cap  of  volcanic  ash  from  the  1600  A.  D.  eruption  of  Huayna  putina.  This 
extremely  thin  ash  cap  is  significant  when  compared  to  Late  Intermediate  Period 
canals  which  had  been  abandoned  closer  to  the  date  of  the  eruption. 

Even  canals  associated  with  the  early  Estuquina  (circa  1300  A D.) 
occupation  which  had  been  abandoned  by  the  Inka  conquest  had  significantly 
larger  ash  deposits  than  the  Wari  canal.  In  particular,  the  Cerro  Huayco  canal, 
which  was  out  of  use  by  1475  A.  D.  as  evidenced  by  superposition  of  terraces 
associated  with  the  Camata  canal  and  Inka  occupation  at  Camata  Tambo,  had 
several  centimeters  of  ash  accumulation  in  its  cross  section.  The  Wari  canal  in 
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contrast  had  only  about  a centimeter  of  ash,  which  was  not  even  deposited  in  a 
homogeneous  layer  like  later  canals  but  was  mixed  with  silts. 

This  differential  ash  deposition  suggests  that  the  Wari  canal  had  been 
abandoned  well  before  the  Cerro  Huayco  canal  and  its  Estuquina  phase 
contemporaries.  Given  that  the  Cerro  Huayco  canal  must  have  experienced 
slope  in-filling  for  over  100  years  after  its  abandonment  and  before  the  eruption 
yet  managed  to  accumulate  several  centimeters  of  pure  ash,  it  is  likely  that  the 
Baul  canal  was  abandoned  several  centuries  before  the  eruption.  Although  the 
canal  awaits  more  secure  terminal  dating  — perhaps  through  radiocarbon  dates 
of  materials  trapped  in  its  final  silting  matrix  — the  evidence  suggests  it  was 
constructed  by  Wari  and  final  abandonment  probably  occurred  with  Wari 
withdrawal  from  the  region. 

Owen  has  argued  that  the  agricultural  system  associated  with  the  colony 
is  scattered  and  small  and  does  not  reflect  the  work  of  a organized  central 
authority  (Owen,  1994).  Based  on  a superficial  examination  of  what  exists  on 
the  ground,  his  claim  is  well  founded.  However,  there  are  several  lines  of 
evidence  which  suggest  that  the  Wari  agricultural  works  were  much  more 
extensive  than  they  might  appear  from  an  examination  of  surface  remains. 

First,  these  scattered  agricultural  works  could  not  have  supported  the 
populations  of  the  Wari  colony  based  on  the  size  of  the  Wari  sites.  An  analysis 
of  the  ratio  of  habitation  area  to  cultivation  area  for  sites  of  several  “subsistence 
economies  in  the  Moquegua  sierra  support  this  argument.  The  Cerro  Baul 
colony,  being  part  of  an  expansive  state,  should  at  least  meet  these  subsistence 
level  needs.  The  ratio  of  habitation  area  to  cultivation  area  for  the  subsistence 
level  settlements  ranges  from  1:600  to  1:1000  with  an  average  of  1:750.  The 
ratio  of  Wari  habitation  areas  to  the  scattered  terrace  remnants  is  1:100, 
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Figure  4-4:  Wari  Phase  agriculture  and  prominent  sites  (ca.  700  A.  D.) 
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indicating  that  at  least  a six  fold  increase  in  irrigable  lands  would  be  needed  to 
meet  subsistence  production  needs  (see  Appendix  C). 

Another  line  of  evidence  which  suggests  that  the  colony  was  cultivating 
more  land  than  revealed  through  surface  survey  of  terraces  is  a hydraulic 
analysis  of  the  principal  Wari  canal.  A trench  excavated  through  this  canal  at 
the  site  of  El  Paso  indicates  that  the  canal  had  a maximum  discharge  of  400 
liters  per  second  at  this  point.  When  compared  to  the  bankfull 
discharge/irrigated  area  regression  analysis  discussed  in  Chapter  2,  a canal  of 
this  size  falls  at  the  large  end  of  the  curve,  irrigating  areas  in  excess  of  65 
hectares.  The  area  of  terrace  remnants  below  El  Paso  measures  only  25 
hectares,  and  so  the  the  area  actually  irrigated  was  probably  much  greater  than 
is  in  evidence  on  the  surface  today. 

Because  there  are  no  well  preserved  canal  fragments  further  upslope,  it 
is  not  possible  to  calculate  actual  maximum  discharge  closer  to  the  source. 
However,  it  is  almost  certain  that  the  discharge  at  the  source  would  substantially 
eclipse  discharge  measurements  at  the  canal’s  midpoint.  Such  an  increase  in 
discharge  would  indicate  a drastic  augmentation  in  irrigation  area  over  terrace 
remnant  estimates  of  the  amount  of  irrigated  land  in  the  upper  part  of  the  canal 
system  as  well. 

. The  lack  of  surface  terraces  can  be  explained  by  the  unique  geological 
situation  of  the  agricultural  system.  Cerro  Baul  is  a cap  of  resistant  bedrock 
from  the  Moquegua  Formation  surrounded  by  the  older  matrices  of  the 
Toquepala  and  Ingoya  Formations  and  more  recent  alluvial  deposits  (Bellido, 
1979).  While  it  is  capped  by  an  erosion  resistant  material,  its  sides  are  much 
more  erosionally  active  than  the  surrounding  terrain.  Given  the  age  of  the 
agricultural  system  (almost  1400  years)  and  the  unstable  landscape  on  which 
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much  of  it  is  located,  it  is  reasonable  to  assume  that  much  of  the  terrace 
remnants  have  been  wiped  out  by  landslides  or  otherwise  eroded  away. 

Another  explanation  for  the  apparent  lack  of  surficial  terracing  is  that  the 
Wari  were  utilizing  slope  farming  to  irrigate  the  lands  below  their  canal.  The 
total  area  between  the  canal  and  the  river  has  an  average  slope  of  22  percent, 
and  represents  one  of  the  most  gently  sloping  parcels  of  land  in  the  upper 
reaches  of  the  Moquegua  drainage.  It  is  possible  that  Wari  was  using  small 
earth  bank  canals  without  the  aid  of  extensive  terraces  to  irrigate  the  flanks  of 
Cerro  Baul  and  Cerro  Mejia  as  is  done  by  modern  farmers  today  on  slopes  up 
to  60  percent  (Williams,  1995). 

Finally,  it  is  probable  that  some  of  the  modern  canals  in  the  Torata  Valley 
were  originally  built  by  Wari,  especially  those  on  the  river’s  southeast  banks. 

One  of  the  main  Wari  sites,  Cerro  Petroglifo  is  located  within  200  meters  of  a 
modern  Torata  valley  canal.  Nash  suggests  that  Petroglifo’s  architecture  is 
oriented  toward  the  Torata  valley,  despite  the  presence  of  the  main  canal  to 
Cerro  Baul  on  its  opposite  site.  She  suggests  that  this  orientation  indicates  a 
possible  agricultural  administration  of  lands  being  currently  cultivated  in  Torata 
(Nash,  1996). 

Given  that  remnant  terraces  only  account  for  a small  portion  of  the  area 
probably  irrigated  by  the  El  Paso  canal,  and  the  fact  that  a minimum  six  fold 
increase  in  irrigated  area  over  the  remnant  terraces  was  necessary  to  support 
the  Baul  colony,  I have  modeled  Wari  land  use  to  include  all  modern  irrigated 
lands  in  the  lower  Torata  district  and  the  terrace  remnants  associated  with  the 
Wari  canal.  While  the  most  likely  scenario  for  land  use  during  this  period  would 
shift  much  of  the  utilized  lands  from  the  west  side  of  the  valley  to  the  east  where 
they  could  be  fed  by  the  Wari  canal,  the  modeled  proportions  and  hydraulic 


78 


costs  are  a conservative  yet  accurate  estimate  of  the  actual  land  use  in  Wari 
times. 

Modeling  Omo  Collapse  — Drought  and  Inter-Polity  Conflict 

The  impact  of  this  Wari  intrusion  on  Omo  Phase  settlements  of  the  valley 
has  been  the  source  of  numerous  scholarly  speculations.  The  evidence  within 
Tiwanaku  settlements  suggests  that  the  Moquegua  Tiwanaku  sequence  is  not 
characterized  by  the  developmental  continuity  found  in  the  Tiwanaku  sequence 
of  the  altiplano.  Rather,  a marked  disjuncture  in  ceramic  styles,  settlement 
pattern,  community  structure,  and  administrative  context  is  evident  in  the 
Moquegua  archaeological  record  (Goldstein,  1989). 

This  hiatus  in  the  local  Tiwanaku  sequence  is  documented  ceramically  by 
the  disappearance  of  blackware  vessels  as  a common  ceramic  type  and  the 
introduction  of  flaring  sided  bowls.  Omo  Phase  settlements  are  also  abandoned 
and  the  next  Tiwanaku  occupation  constructs  an  entirely  new  architectural 
infrastructure  at  different  locales  than  sites  of  the  Omo  Phase.  The  distinct 
plaza  communities  of  the  Omo  Phase  are  not  repeated  in  the  succeeding  Chen 
Chen  Phase  communities.  And  the  Chen  Chen  Phase  marks  the  establishment 
of  thq  first  Tiwanaku  temple  outside  the  altiplano,  suggesting  that  the  area  had 
achieved  true  imperial  provincial  status  (Goldstein,  1989). 

The  disjunct  nature  of  Tiwanaku  state  occupation  has  prompted 
speculation  as  to  what  may  have  forced  Tiwanaku  colonists  from  the  valley. 

One  suggestion  is  that  indigenous  inhabitants  of  the  valley  revolted  against  the 
colonial  usurpers  of  their  territory.  Another  hypothesis  holds  that  the  Wari 
intrusion  drove  Tiwanaku  from  the  valley  (Goldstein,  1989).  Both  emphasize  the 
violent,  militaristic  nature  of  the  supposed  confrontation.  A related  hypothesis 
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sees  the  early  abandonment  of  Tiwanaku  Moquegua  as  a reaction  to 
productivity  stress  brought  about  by  Wari  hydraulic  investment  in  the  upper 
drainage. 

The  hypothesis  is  tested  by  applying  the  hydraulic  availability  analytical 
technique  to  models  of  agricultural  land  use  in  the  heyday  of  Omo  Phase 
occupation  at  in  the  first  decade  of  the  6th  century  A.  D.  and  to  an  established 
Wari  phase  occupation  at  640  A.  D.,  when  the  Quelecaya  data  indicates  a 
decade  long  drought  (Shimada  et  al.,  1991).  The  results  convincingly  argue 
that  Wari  intrusion  and  cultivation  of  the  high  sierra,  in  conjunction  with  a long 
drought  that  reflects  an  average  25%  decrease  in  precipitation  from  Omo  Phase 
rainfall  levels  would  have  decimated  Omo  production  capacity  in  the  middle 
valley. 

The  model  indicates  that  the  Wari  agricultural  fields  would  need  a 
minimum  of  25  million  cubic  meters  of  annual  discharge  in  the  humid  basin  to 
support  their  irrigation  fields,  which  represents  10  percent  of  the  water  needed 
to  irrigate  Omo  Phase  fields.  Thus,  the  opening  of  the  high  sierra  to  agricultural 
endeavors  by  the  Wari  empire  in  conjunction  with  the  decade  long  drought 
would  have  reduced  available  water  supply  to  Omo  fields  by  over  35  percent  in 
the  late  7th  century  A.  D.  This  same  analysis  could  be  applied  even  more 
convincingly  to  a more  severe  thirty  year  drought  that  occurred  between  A.  D. 
563  to  594  (Shimada  et  al.  1991),  should  dating  be  precise  enough  to  place 
both  Omo  and  Wari  in  the  valley  at  this  early  date. 

The  proposed  Wari  investment  in  agricultural  infrastructure  is  a conquest 
of  hydraulic  superiority,  accomplished  more  through  economic  means  rather 
than  military  might.  The  defensive  nature  of  the  Wari  colonial  sites  provided 
certain  advantages  should  the  Tiwanaku  Omo  have  decided  to  attack,  however. 
The  hydraulic  modeling  provides  a plausible,  maybe  even  convincing  scenario 
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of  the  end  of  Omo  colonization  of  the  valley.  It  suggests  an  escalating  conflict 
between  the  two  imperial  colonies  over  the  nature  of  water  rights  as  time  goes 
on  and  water  scarcity  becomes  more  pronounced.  Yet,  the  proposed 
relationship  does  not  explain  Wari’s  reason  for  colonizing  the  drainage  nor  the 
admittedly  few  Tiwanaku  and  hybrid  components  recovered  in  Feldman’s 
excavations.  Answers  to  these  issues  await  further  investigations  at  the  Wari 
colonial  capital. 

The  convergence  of  the  two  disasters,  drought-induced  productivity 
declines  and  the  usurpation  of  water  rights  by  a powerful  intruder,  may  have 
been  too  overwhelming  for  the  Omo  colony  to  bear.  Centralized  decision 
making  did  not  seem  to  have  been  concentrated  in  the  valley,  but  extreme 
economic  interdependence  on  the  Tiwanaku  core  area  may  have  contributed  to 
the  failure  of  traditional  authority  to  legitimize  effective  response  to  the  disaster. 
The  psychological  impact  of  a competing  empire  establishing  itself  on  a highly 
defensible  and  ritually-charged  mountain  peak,  co-opting  local  sources  of  water 
and  spiritual  power,  may  also  have  contributed  to  effective  response. 
Furthermore,  the  strong  ethnic  identity  of  the  colonies  with  the  altiplano 
indicates  that  they  probably  still  considered  themselves  altiplano  dwellers  whose 
vested  interest  was  in  the  Titicaca  Basin,  not  the  dry  sierra  of  the  western 
desert. 

The  impact  of  the  convergent  catastrophes  drastically  altered  the 
Moqueguan  political  and  economic  landscape.  These  alterations  are  first 
represented  by  a political  and  economic  shift  of  the  power  focus  from  the  middle 
valley  to  the  upper  valley  for  the  remaining  century  or  so  of  Wari  occupation. 
However,  Wari’s  inexplicable  withdrawal  from  Moquegua,  presumably  still  early 
in  the  empire’s  expansive  phase,  is  not  well  understood.  This  reflects  the 
relatively  insubstantial  investigation  into  the  Wari  colony  of  Moquegua  up  until 


81 


this  point  when  compared  to  the  amount  of  research  undertaken  on  Tiwanaku 
occupation  of  the  drainage.  Later  impacts  of  the  Omo  disaster  are  evident  in 
the  reorganization  of  provincial  administration  in  the  succeeding  Tiwanaku  Chen 
Chen  Phase. 

Incorporation  of  Moquegua  as  a Tiwanaku  Imperial  Province 

Chen  Chen  settlement  is  probably  best  represented  by  a dual  primate 
model  of  site  hierarchy,  with  a politico-religious  center  at  the  site  of  Omo  and  a 
demographic-economic  center  at  the  site  of  Chen  Chen.  In  terms  of  adaptive 
response  to  the  Wari  intrusion,  the  politico-religious  center  attempted  to  solidify 
control  of  the  valley  through  ideological  means  along  with  the  establishment  of 
more  population  centers  and  investment  in  agrarian  infrastructure. 
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At  the  site  of  Omo,  Chen  Chen  provincial  administrators  constructed  a 
ceremonial  complex  based  on  the  Akapana  temple  at  the  site  of  Tiwanaku.  This 
monument  mirrored  the  architectural  canons  of  a three  tiered  platform  from 
altiplano  temple  centers  of  the  Tiwanaku  state  on  the  Akapana  model,  but 
represents  the  first  and  only  such  complex  constructed  outside  the  Titicaca 
Basin  (Goldstein,  1989).  The  symbolic  significance  of  the  three  tiers  is  related 
to  the  iconographic  representations  of  the  front-facing  deity  on  the  Gateway  of 
the  Sun,  arguably  the  most  important  figure  within  the  Tiwanaku  pantheon.  This 
figure  stands  upon  a three-tiered  platform  flanked  by  side  profile  attendants  in 
the  Gateway  representation  (Goldstein,  1989);  we  can  thus  argue  that  the  three- 
tiered  platform  was  an  instrumental  portrayal  of  power  structures,  relating 
humans  to  gods  and  reinforcing  the  social  hierarchy  as  an  extension  of  the 
earthly  and  supernatural  world  order. 

This  incorporation  of  Moquegua  as  an  administered  province  during  the 
Tiwanaku  V phase  may  be  a reflection  of  larger  reorganization  processes  of  the 
Tiwanaku  state  in  the  early  Tiwanaku  V period  (Browman,  1981).  This  process 
of  reorganization  may  have  incurred  regional  centralization  of  administration  to 
the  site  of  Tiwanaku  within  the  Titicaca  heartland,  reflected  by  a decline  in  the 
importance  of  the  domestic  and  ritual  complex  at  Lukurmata  and  a 
corresponding  increase  in  centralized  control  of  production  and  ritual  at  the 
capital  (Bermann,  1993).  This  reorganization  is  also  evident  in  the  changes  in 
settlement  hierarchy  and  agricultural  production  within  the  Tiwanaku  Valley 
region  at  this  time  (Albarracin-Jordan  and  Mathews,  1990). 

The  establishment  of  the  provincial  administrative  center  at  Omo  is  in 
stark  contrast  to  the  regional  reorganization  within  the  heartland  and  the  growth 
of  the  Tiwanaku  capital  at  the  expense  of  subsidiary  centers.  The  elaboration  of 
administrative  infrastructure  at  Moquegua  may  partially  be  explained  by  its 
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distance  from  the  capital  and  the  need  to  incorporate  Moqueguan  inhabitants 
more  directly  into  the  rituals  of  the  state.  While  heartland  citizens  could  easily 
make  their  way  to  the  capital  to  conduct  ritual  and  administrative  requirements, 
Moquegua  was  far  removed  from  that  system  and  needed  a local  satellite  to 
perform  these  necessary  functions.  The  evidence  seems  to  indicate  the 
development  of  a nested  hierarchy  of  political  development  within  Moquegua 
and  perhaps  less  centralized  control  of  the  Moquegua  household  by  the  state 
administrators  stationed  in  the  altiplano. 

However,  investigations  of  domestic  and  household  activity  at  Omo’s 
Chen  Chen  Phase  site  of  M10  argue  for  the  integration  of  Tiwanaku  households 
in  the  state  economy,  both  from  a staple  finance  and  wealth  finance  perspective 
(D’Altroy  and  Earle,  1985).  The  high  frequency  of  redware  ceramics,  most  likely 
imported  from  the  altiplano,  eclipsed  the  fineware  frequencies  from  Omo  phase 
excavations  (Goldstein,  1989).  Both  finely  crafted  and  coarse  utilitarian  textiles 
were  also  recovered  in  excavation  at  Omo  M10,  and  their  likely  manufacture  in 
the  altiplano  may  have  been  even  more  important  to  the  integration  of 
Moquegua  provincials  into  the  state  economy.  Furthermore,  staple  goods  such 
as  llama  and  chuho , a freeze  dried  potato  which  can  only  be  produced  in 
environmentally  frigid  zones  like  the  altiplano,  were  found  in  domestic  contexts 
(Goldstein,  1989),  indicating  a staple  finance  system  existed  between  Tiwanaku 
and  her  provincial  daughter. 

The  strongest  evidence  for  the  interdependence  of  staple  production 
between  the  core  and  the  periphery  is  the  data  which  indicates  the 
preponderance  of  maize  production  for  export.  New  varieties  of  maize  with  a 
larger  cob  are  introduced,  suggesting  the  selection  of  productive  species 
(Goldstein,  1989).  The  large  number  of  taclla  (Andean  stone  hoes)  and  batanes 
(the  ground  stone  implements  used  in  the  mass  production  of  maize)  found 


4000  masl 


84 


Figure  4-6:  Chen  Chen  Phase  agriculture  and  administrative  sites  (ca.  900  A.  D.) 
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within  the  domestic  contexts  of  Omo  M10  also  indicate  a heavy  agricultural 
component  geared  toward  surplus  production  (Goldstein,  1989).  Recent 
evidence  from  the  site  of  Chen  Chen  compellingly  suggests  that  massive 
storage  facilities  designed  for  extra-local  exchange  were  incorporated  into  the 
architectural  infrastructure  of  the  site  (Bandy  et  al.,  1996).  Surplus  production 
for  extra-local  exchange  in  conjunction  with  the  expansion  of  the  agrarian 
landscape  of  Moquegua  and  the  increase  in  associated  Chen  Chen  Phase 
affiliated  settlements  argues  for  state  investment  in  the  agrarian  infrastructure 
geared  specifically  for  maize  production  and  export.  The  increased  complexity 
of  settlement  patterns  and  the  development  of  a site  size  hierarchy  within  the 
drainage  also  argue  for  incorporation  of  the  valley  as  an  integrated  economic 
province  of  the  Tiwanaku  empire  in  the  Chen  Chen  Phase  (McAndrews,  1995). 

While  this  expansion  of  Tiwanaku  affiliated  sites  took  place  throughout 
the  middle  valley,  the  greatest  population  focus  and  area  of  agrarian  investment 
was  located  in  the  upper  portion  of  the  middle  valley  at  the  site  of  Chen  Chen. 
Here  the  river  valley  narrows  significantly,  representing  a locale  that  is  important 
to  the  control  of  water.  Although  control  of  the  1500  meter  valley  constriction 
would  not  have  arbitrated  the  effects  of  Wari  intrusion  in  the  upper  valley  basin, 
it  still  represented  the  upvalley  movement  of  agricultural  lands  constructed  for 
state  production,  and  was  thus  adaptive  in  mitigating  the  effects  of  water 
availability  on  state  agricultural  production. 

Thus,  the  development  of  an  administrative  hierarchy  dominated  by  a 
powerful  ceremonial  temple  suggests  more  centralized  control  within  the 
Moquegua  province,  while  state  political  control  over  lower  level  units  within  the 
province  may  not  have  been  so  pronounced.  However,  the  economic 
relationships  between  low  level  units,  such  as  households,  and  the  altiplano 
heartland  are  well  established;  the  dependence  of  the  household  on  altiplano 
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products  for  subsistence  goods  and  status  markers  indicate  that  they  were  fully 
integrated  into  the  state  finance  system.  While  perhaps  reducing  societal 
vulnerability  in  some  areas,  they  were  drastically  increasing  vulnerability  in 
others. 


The  Demise  of  Tiwanaku  State  Control 

The  collapse  of  the  Tiwanaku  state  in  the  South  Central  Andes  has  been 
attributed  to  a number  of  causes.  Especially  in  the  provincial  areas,  such  as 
Moquegua,  none  of  these  factors  are  well  documented  or  understood.  Kolata 
argues  that  a pan-Andean  drought  brought  about  the  demise  of  Tiwanaku  in  the 
tenth  or  eleventh  centuries  A.D.  (Kolata,  1993).  Other  researchers  have  argued 
for  an  independent  collapse  of  the  Tiwanaku  administrative  hierarchy.  The  site 
of  Chen  Chen  represents  an  ideal  location  to  study  the  progression  of 
agricultural  development  during  the  terminal  phases  of  the  Tiwanaku  state 
presence  in  Moquegua  (900  - 1100  A.  D.).  An  hydraulic  analysis  of  this  site 
provides  the  data  to  test  these  hypotheses. 

Chen  Chen  is  located  at  the  upper  limits  of  imperial  presence  in  the 
region,  at  1500  meters,  near  the  modern  city  of  Moquegua.  It  represents  the 
largest  Tiwanaku  V phase  occupation  of  the  area.  A set  of  irrigation  canals, 
which  drew  water  from  the  Tumilaca  River,  are  well  preserved  at  the  site.  The 
fields  associated  with  these  canals  are  also  well  preserved,  and  individual 
irrigation  furrows  can  be  distinguished  from  the  surface.  Furthermore,  the  site 
of  Chen  Chen  is  a single  component  site,  with  ceramics  dating  only  to  the 
Tiwanaku  V presence  in  Moquegua.  A thorough  survey  of  the  region 
(Goldstein,  personal  communication  1995),  and  extensive  excavations  in 
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Figure  4-7:  Sectors  at  the  site  of  Chen  Chen 
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different  areas  of  the  site  (Vargas,  1987)  (Owen,  personal  communication  1995) 
confirm  this  hypothesis. 

An  analysis  of  the  temporal  changes  in  settlement  and  agriculture  at  the 
site  indicate  a growth  in  population  through  the  occupation,  an  upslope  shift  in 
the  location  of  the  principal  irrigation  canal  through  time,  and  a precipitous 
decline  in  irrigation  areas  and  canal  discharge  capacity  at  the  end  of  the  phase. 
The  results  of  mapping  and  reconnaissance  at  the  site  indicate  the  existence  of 
three  principal  canals  entering  the  pampa.  The  temporal  sequence  of  these 
canals,  from  lower  to  higher,  is  based  on  the  following  superposition  evidence 
between  the  canal  systems  themselves  and  other  site  components. 

The  lowest  canal  lies  below  cemetery  sectors  32,  33,  35,  36;  domestic 
sectors  11,12  and  13;  and  is  crossed  by  feeders  and  furrows  from  the  middle 
canal  at  agricultural  sector  61.  This  securely  dates  the  lowest  canal’s 
abandonment  before  the  maximum  expansion  of  middle  canal  agriculture  and 
well  before  the  abandonment  of  the  site.  The  middle  canal  lies  below  cemetery 
sectors  38  and  34;  domestic  sector  12;  and  is  crossed  by  a feeder  from  the 
upper  canal  in  sector  62.  In  the  cases  of  both  canals,  excavated  trenches  in  the 
cemeteries  indicate  that  tombs  lie  directly  in  the  course  of  the  canal, 
necessitating  abandonment  before  cemetery  construction. 

. The  superposition  evidence  also  indicates  that  the  middle  canal  was 
abandoned  well  before  the  site  was  abandoned,  and  fell  out  of  use  before  the 
upper  canal.  The  upper  canal  is  compatible  with  all  cemeteries  and  domestic 
sectors  at  the  site.  Since  the  upper  canal  is  the  only  canal  compatible  with  all 
other  sectors  of  the  site,  it  is  the  only  canal  that  could  have  brought  water  to  the 
site  in  its  terminal  phases.  The  small  degree  of  superposition  of  the  upper  canal 
over  the  middle  canal  also  supports  the  argument  that  this  was  the  last 
functioning  canal  at  the  site. 
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Figure  4-8:  Temporal  changes  in  agricultural  production  at  Chen  Chen 
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Given  the  canal  sequence  at  the  site,  and  the  superposition  evidence 
retrieved  from  reconnaissance,  maximum  cultivation  areas  under  each  canal 
system  can  be  mapped  and  calculated.  As  is  evident  from  the  time  sequence 
maps,  a precipitous  decline  in  cultivation  at  the  end  of  the  site’s  occupation  from 
93  to  70  to  1 5 hectares  is  evident. 

Trench  excavations  of  the  principal  canals  confirm  this  hypothesis  of 
declining  cultivation.  Bankfull  discharge  analyses  of  the  canals  indicate 
declining  carrying  capacities  (81.5,  63.5,  and  58.1  liters  per  second)  for  each 
successive  canal.  Based  on  the  statistical  analysis  of  77  modern  canals 
elaborated  on  in  Chapter  2,  bankfull  discharge  is  directly  related  to  irrigable 
area.  Therefore,  a second  data  source  confirms  the  superposition  evidence 
from  reconnaissance  and  mapping. 

The  data  from  Chen  Chen  agricultural  fields  indicate  that  irrigation 
authorities  were  restructuring  the  agrarian  landscape  in  a dynamic  manner.  The 
changes  that  were  taking  place  on  the  Pampa  Chen  Chen  represent  a rapid 
renegotiation  of  the  relationship  between  the  means  of  production  and  the 
natural  hydraulic  environment  to  which  agriculture  was  beholden.  This  dynamic 
restructuring  could  imply  several  different  scenarios  of  change  including  the 
decline  of  water  resources,  pressures  forcing  increased  agrarian  production, 
political  manipulations  of  agrarian  infrastructure,  or  a combination  of  the  above 
factors.  Whatever  the  impetus  for  the  hydraulic  reconstruction,  the  result  was  a 
declining  production  regime  on  the  pampa  and  an  abandonment  of  the 
settlement.  Coincident  with  this  abandonment  was  the  collapse  of  the 
administrative  networks  which  represented  state  domination  of  the  region 
(Bermann  et  al.,  1989). 

Post-abandonment  Chen  Chen  is  marred  by  another  vital  clue,  the 
sacking  and  destruction  of  the  habitation  sectors  of  the  settlement  in  antiquity. 
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Stratigraphical  and  topological  arguments  place  this  razing  most  likely  at  the 
end  of  the  Chen  Chen  Phase.  Researchers  have  ascribed  the  destruction  to 
several  possible  sources  with  the  likely  candidates  being  related  to  the  Wari 
intrusion  or  a revolt  of  local  populations  against  state  rule  (Moseley  et  al., 
1991a). 

Preliminary  evidence  from  work  on  the  Wari  settlement  atop  Cerro  Baul 
suggests  that  it  was  founded,  inhabited,  and  abandoned  within  a relatively  short 
time,  perhaps  within  a century  or  so,  in  the  7th  century  A.  D.  In  conjunction  with 
ceramic  evidence,  this  data  places  Baul’s  occupation  in  the  Middle  Horizon 
Epoch  1A/1B  with  withdrawal  occurring  by  early  2A  (Moseley  et  al.,  1991a). 

The  ramifications  of  this  realization  are  that  the  Wari  withdrawal  probably 
occurred  well  before  the  abandonment  of  Chen  Chen  around  1000  A.  D.  While 
this  scenario  will  require  further  testing  to  confirm,  preliminary  evidence 
suggests  that  Wari  was  probably  not  inhabiting  the  valley  at  the  time  of  the 
destruction  of  Chen  Chen  sites. 

This  leaves  the  revolt  of  the  local  inhabitants  as  the  most  plausible 
explanation  for  the  destruction  of  imperial  Tiwanaku  sites.  We  might  even 
hypothesize  that  the  continuing  tradition  of  occupation  in  the  middle  valley,  the 
Tumilaca  phase  with  its  cultural  antecedents  in  the  Tiwanaku  state's  occupation 
of  the  valley,  represents  those  responsible  for  the  overthrow  of  the  shackles  of 
the  state. 

The  assumption  has  always  been  that  the  Chen  Chen  phase  preceded 
the  Tumilaca  phase  with  very  little  temporal  overlap  (Owen,  1993;  Goldstein, 
1989;  Bermann  et  al.,  1989).  Various  radiocarbon  dates  firmly  place  Tumilaca 
in  the  coastal  valley  between  950  and  1050  A.  D.  (Owen,  1993).  One 
radiocarbon  date  from  the  Tumilaca  habitation  at  Omo  suggests  that  the  middle 
valley  Tumilaca  tradition  may  have  started  slightly  earlier  (Goldstein,  1989). 
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Other  radiocarbon  dates  and  arguments  place  upper  valley  terminal  Tumilaca 
presence  to  around  1100  or  1150  A.  D.  (Burgi,  1993;  Stanish,  1985).  The  three 
radiocarbon  dates  associated  with  Chen  Chen  phase  sites  — 900  ± 60  AD 
calibrated  from  Omo  (Goldstein,  1989),  910  ± 65  and  1020  ± 65  from  Chen 
Chen  (Geyh,  1967)  the  latter  two  dates  dendro-corrected  within  two  sigma  to 
956  - 1026  and  1020  - 1175  (Owen,  1993)  — all  seem  to  place  Chen  Chen 
contemporary  with  Tumilaca. 

Unfortunately,  the  number  of  dates  are  few  and  the  last  two  from  Chen 
Chen  are  without  strong  contexts,  encouraging  many  to  dismiss  these  dates  as 
Tumilaca  components  of  the  same  site.  Recent  intensive  investigations  have 
failed  to  locate  any  Tumilaca  presence  at  Chen  Chen,  however  (Goldstein, 
personal  communication  1995;  Owen,  personal  communication  1995;  Vargas, 
1987).  It  is  therefore  most  likely  that  these  last  two  dates  are  actually 
representative  of  Chen  Chen  phase  occupation,  and  this  opens  the  possibility 
for  examining  degrading  imperial  control  as  a response  to  the  independence 
movement  by  a large  segment  of  the  population  — the  Tumilaca. 

If  we  assess  the  agrarian  potential  for  Chen  Chen  Phase 
contemporaneity  with  Tumilaca  populations  early  in  the  Tumilaca  Period  (circa 
950  - 1000  A.  D.),  it  is  evident  that  drought  did  not  play  the  role  it  did  in  the 
earlier  Omo  withdrawal.  At  least  the  establishment  of  Tumilaca  agricultural 
fields  in  the  upper  valley  in  the  late  tenth  century  A.  D.  would  not  have  affected 
the  heart  of  state  production  facilities  near  the  site  of  Chen  Chen.  It  may  have 
effected  fields  toward  the  distal  end  of  the  middle  valley,  but  this  would  have 
been  a relatively  small  loss  to  the  state  production  system.  In  fact,  the  long 
drought  of  the  first  half  of  the  second  millennium  A.  D.  did  not  significantly  effect 
the  water  supply  in  the  valley  until  the  twelfth  century  A.  D. 
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The  average  water  available  for  the  traditional  interpretation  of  Chen 
Chen  occupation  (800  - 950  A.  D.)  was  245  million  cubic  meters  of  annual 
discharge.  The  range  in  decadal  averages  was  225  to  265  million  cubic  meters, 
with  a standard  deviation  of  decadal  averages  of  12.  This  indicates  that  the 
period  was  characterized  by  low  variation  in  rainfall  and  normal  to  wet 
conditions  as  compared  to  the  1500  year  average. 

Chen  Chen  field  systems  needed  an  estimated  250  million  cubic  meters 
of  water  to  sustain  production  capacities  in  all  their  fields,  a number  that  falls 
within  the  range  of  water  available  during  this  phase.  In  the  succeeding 
Tumilaca  Phase  (950  - 1100  A.  D),  water  statistics  are  very  similar,  with  a period 
average  of  240  million  cubic  liters  of  annual  discharge;  decadal  average  ranged 
from  220  to  260  million  cubic  liters,  and  the  standard  deviation  for  the  period 
was  13.  These  numbers  indicate  an  extremely  strong  similarity  in  hydraulic 
conditions  during  the  century  and  a half  Chen  Chen  Phase  and  the  century  and 
a half  Tumilaca  Phase. 

A change  in  hydraulic  conditions  cannot  account  for  a Chen  Chen 
collapse  at  950  A.  D.  On  the  contrary,  it  was  not  until  the  twelfth  century  that 
hydraulic  patterns  indicate  marked  declines  in  long  term  precipitation  levels. 

The  hypothesis  that  drought  alone  strangled  Chen  Chen  production  does  not 
hold.up  to  this  scrutiny.  It  should  be  noted,  however,  that  the  full  component  of 
Tumilaca  fields  upstream  of  Chen  Chen  agricultural  systems  would  have 
required  35  million  cubic  meters  of  water  annually  to  sustain.  If  there  was  any 
water  shortage  contributing  to  the  decline  of  Chen  Chen  production  systems,  it 
would  have  had  to  have  been  a product  of  Tumilaca  development  of  the  upper 
valley. 

It  should  also  be  noted  that  the  large  lower  valley  Osmore  canal  finally 
destroyed  by  the  Miraflores  El  Nino  event  around  1350  A.  D.  (Satterlee,  1993), 
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was  most  likely  constructed  before  1000  A.  D.  A wooden  boat  from  an 
interment  in  an  abandoned  water  cistern  associated  with  the  canal  was 
radiocarbon  dated  to  900  A.  D.  (Satterlee  et  al.,  n.d;  Owen,  1993).  The  canal 
was  thus  presumably  operable  before  that  date  since  it  is  unlikely  the  cistern 
would  have  been  constructed  in  absence  of  the  canal.  In  order  for  water  to 
reach  this  canal  on  a year  round  basis,  it  would  have  been  necessary  for  some 
of  the  lands  irrigated  in  the  Chen  Chen  phase  to  have  been  abandoned.  Chen 
Chen  phase  fields  would  have  used  practically  all  the  water  available  at  1050  A. 
D.  for  irrigation  of  the  field  systems  of  the  middle  valley.  Thus,  there  was  not 
sufficient  water  available  in  the  lower  valley  while  Chen  Chen  was  in  full 
production. 

This  evidence  suggests  that  the  Chen  Chen  agricultural  system  did  not 
collapse  due  to  drought  at  950  A.  D.,  but  was  most  likely  experiencing  decline 
by  the  beginning  of  the  eleventh  century  when  we  see  the  lower  valley  canal 
come  into  use.  Since  precipitation  levels  do  not  reach  critical  values  for  Chen 
Chen  fields  until  the  beginning  of  the  twelfth  century,  it  is  unlikely  that  natural 
water  shortages  were  a precipitating  factor  in  the  decline  of  the  Tiwanaku  state 
in  Moquegua.  It  is  possible,  however,  that  control  of  water  resources  and 
control  of  production  and  distribution  of  agrarian  goods  were  the  impetus  for  an 
independence  movement  within  the  Moquegua  province. 

A revolutionary  movement  by  Tiwanaku  peoples  within  the  province  could 
be  manifested  by  the  destruction  of  sites  that  exemplify  state  control.  The  lack 
of  foreign  materials  on  these  sites  suggests  that  the  looting  and  pitting  was 
probably  undertaken  by  members  of  the  same  society.  The  cultural  continuity 
within  Tumilaca  iconography  suggests  links  to  their  Tiwanaku  heritage,  but  the 
variance  within  the  valley  suggests  localized  developments.  The  absence  of  the 
Gateway  God  motif,  conspicuously  present  in  Tiwanaku  IV  and  V iconography, 
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may  suggest  a rejection  of  state  control  if  this  figure  is  emblematic  of  the  state 
(Goldstein,  1989). 

The  analysis  of  ecological  effects  of  drought  in  the  Titicaca  heartland 
does  not  seem  to  indicate  severe  water  shortages  until  the  end  of  the  eleventh 
century  A.  D.  (Kolata,  1994).  The  hydraulic  analysis  of  Moquegua  agriculture 
described  here  also  rules  out  a disaster  caused  by  ecologically-induced  water 
shortages.  Instead,  it  seems  more  likely  that  local  factions  within  the  Moquegua 
Tiwanaku  populations  were  developing,  perhaps  in  response  to  the  high  degree 
of  economic  interdependence  forced  on  them  by  the  state.  The  increased 
centralization  in  the  altiplano  capital  and  the  large  bureaucracy  that  was 
developing  with  it  may  have  hindered  response  to  the  factionalization  occurring 
within  the  provinces.  Once  the  Moquegua  revolution  had  gained  enough 
momentum,  it  began  to  follow  its  own  course;  the  ramifications  of  losing  one  of 
its  prime  maize-producing  regions  may  have  further  destabilized  the  authority 
structure  of  the  state  in  the  heartland  itself,  but  this  hypothesis  requires  testing 
at  Tiwanaku  itself. 


CHAPTER  5 

DISASTER  IN  THE  DEVELOPMENT  OF  REGIONAL  AUTONOMY 


With  the  collapse  of  imperial  domination  of  the  valley,  regional 
autonomy  was  re-instated  after  500  years  of  external  control  by  either  Wari  or 
Tiwanaku.  Social  evolution  within  the  valley  was  based  primarily  on  local 
developments,  with  less  influence  from  outside  entities  as  had  been  the  case 
for  the  last  half  of  the  first  millennium.  During  this  period  of  local 
development,  several  natural  hazards  with  regional  or  pan-Andean  effects 
plagued  the  valley.  In  concordance  with  social  vulnerability  to  their  effects, 
these  events  precipitated  drastic  changes  in  social  structure,  cultural  styles, 
demographic  distributions,  and  agrarian  technology. 

These  crises  spurred  dramatic  social  restructuring  at  key  periods  in  the 
local  developmental  sequence  to  give  rise  to  a dynamically  changing 
landscape  of  human  occupation  during  this  era.  Convergent  crises  and 
secondary  disasters  brought  about  radical  social  changes  within  this  epoch, 
represented  by  a wave  of  cultural  annihilation.  In  conjunction  with  this  major 
restructuring  event,  agrarian  technology  and  the  irrigation  infrastructure 
underwent  revolutionary  change  starting  with  the  collapse  of  Tumilaca. 

Tumilaca  Social  Organization:  Examining  Societal  Vulnerability 

Despite  the  political  shift  from  Tiwanaku  state  control,  a high  degree  of 
ethnic  continuity  with  the  altiplano  Tiwanaku  cultural  tradition  is  still  imbedded 
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Figure  5-1:  Tumilaca  Phase  agriculture  and  settlement  (ca.  1050  A.  D.) 


to  coastal  valley 
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in  Tumilaca  culture.  In  the  lower  valley,  no  local  antecedents  exist  for  the 
Tumilaca  occupation  of  that  region.  Red  slipped  ceramic  wares  are  not  part  of 
the  pre-Tumiiaca  coastal  ceramic  complex,  while  strong  continuities  exist  with 
middle  valley  Tumilaca  ceramics  and  a shared  foundation  in  the  ceramic 
traditions  of  the  Chen  Chen  Phase/Tiwanaku  V altiplano  slips,  decorative  style, 
and  vessel  forms.  Furthermore,  coastal  Tumilaca  architectural  forms  of  vertical 
canes  set  in  wall  trenches  are  characteristic  of  Tumilaca  and  Tiwanaku 
settlements  of  the  middle  valley  (Owen,  1993),  and  the  funerary  practice  of 
interring  the  dead  in  deep  stone  lined  chambers  within  a formal  cemetery  is 
shared  by  coastal  and  highland  Tumilaca  populations,  consistent  with  the  burial 
practices  of  Omo  and  Chen  Chen  phase  peoples  (Bawden,  1993;  Goldstein, 
1989;  Owen,  1993). 

Tumilaca  settlements  can  be  characterized  by  a spatial  differentiation  of 
households  within  the  community  settlement  plan.  As  compared  to  the 
agglutinated  settlements  of  later  periods,  Tumilaca  households  are  spatially 
discrete  from  one  another,  often  being  constructed  on  separate,  spatially 
segregated  terraces  (Bawden,  1993).  This  pattern  is  evident  at  Loreto  Alto  in 
the  coastal  valley  (Owen,  1993),  Porobaya  Kilometro  8 in  the  Otora  Valley 
(Stanish,  1985),  Tumilaca  La  Chimba  in  the  Upper  Valley  (Bawden,  1989a),  and 
Omo  .Mil  in  the  mid-valley  (Goldstein,  1989).  Additionally,  all  these  settlements 
are  fortified  with  trench  and  wall  bulwarks  surrounding  the  site. 

The  internal  structuring  of  Tumilaca  residential  units  also  distinguishes  it 
from  later  periods  and  from  its  antecedents.  Households  are  characterized  by 
segregation  of  domestic  activities  through  the  use  of  internal  walls  which 
subdivide  the  household  space  into  several  rooms  (Bawden,  1993).  At  Omo, 
this  internal  segregation  is  hypothesized  to  serve  increased  household  storage 
functions  — a need  which  would  have  been  served  by  community  structures 
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under  the  political  control  of  the  Tiwanaku  state  (Goldstein,  1989).  Bawden 
argues  that  this  household  segregation  of  space  implies  marked  behavioral  and 
functional  differentiation  whose  foundations  lie  in  the  structural  complexity  of  the 
preceding  Tiwanaku  state.  He  also  argues  that  although  the  political 
mechanisms  of  state  power  no  longer  existed,  the  organizational  forms  of  that 
period  were  still  inherent  in  the  social  structure.  In  contrast  to  the  communally 
oriented  kin  based  society  of  less  complex  Andean  cultures,  Tumiiaca  social 
structure  was  more  influenced  by  the  economic  stratification  and  social 
differentiation  of  its  predecessor,  the  Tiwanaku  state  (Bawden,  1993). 

However,  the  regional  valley  wide  hierarchy  of  settlement  characteristic  of 
the  Chen  Chen  Phase  was  replaced  by  local  foci  as  determined  through  the 
analysis  of  diversification  of  ceramic  style  and  form  and  settlement  pattern 
studies.  At  the  lower  end  of  the  middle  valley,  the  Maria  Cupina  and  Yaral  sites 
constituted  a definable  focus  which  merges  with  later  intrusions  from  the  lower 
valley  (Bermann  et  ai.,  1989).  The  traditional  center  of  Tiwanaku  power  in  the 
Middle  Valley  near  the  site  of  Omo  constituted  another  divergent  settlement 
area.  The  upper  valley  focus,  characterized  by  the  type  site  for  the  phase, 
Tumiiaca  La  Chimba,  constituted  a third  focus  (Bermann  et  al.,  1989).  More 
recent  work  in  the  lower  valley  has  defined  an  llo-Tumilaca  coastal  valley  focus, 
defined  by  several  radiocarbon  samples  to  date  between  950  and  1050  A.  D. 
(Owen,  1993). 

While  it  is  still  unclear  whether  or  not  there  existed  a hierarchical  level 
above  the  site  unit,  the  ceramic  diversification  between  the  regional  foci  and  the 
convergence  of  form  and  style  within  these  foci  suggest  increased  interaction 
and  more  shared  cultural  traits  within  the  different  ecozones  than  between  them. 
As  compared  to  the  preceding  phase  of  state  domination,  the  Tumiiaca  are 
characterized  by  cultural  and  political  fragmentation.  Yet,  the  social  and 
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organizational  structures  of  Tumilaca  society  appear  to  remain  fairly  intact  and 
consistent  with  Chen  Chen  Phase  structures. 

While  social  vulnerability  to  disaster  in  terms  of  excessive  centralization 
of  authority  or  extreme  interdependence  on  social  and  political  structures 
outside  the  local  area  were  not  problematic  for  Tumilaca  peoples,  the  lack  of 
social  and  cultural  integration  may  have  served  to  escalate  conflict  between 
groups,  especially  between  the  various  ecozones  or  foci.  While  limited  studies 
of  Tumilaca  mortuary  populations  have  not  revealed  evidence  suggesting 
extensive  warfare,  the  fortification  of  Tumilaca  sites  suggests  that  defensive 
precautions  were  undertaken  and  conflict  may  have  been  expected.  This 
conflict,  generated  from  the  inferred  low  value  consensus  between  Tumilaca 
groups,  may  have  been  based  on  naturally  declining  river  flow  due  to  drought 
and  the  technological  vulnerability  of  Tumilaca  agricultural  systems  to  such  a 
scenario. 


Agriculture  in  the  Tumilaca  Phase 

Tumilaca  settlements  are  normally  located  within  close  proximity  of 
modern  agricultural  irrigation  systems.  With  the  exception  of  Otora  Kilometer  8, 
these  sites  are  not  predominantly  associated  with  abandoned  agricultural  works. 
Models  of  Tumilaca  agricultural  land  use  indicate  that  farming  focused  on  the 
valley  bottom  canal  systems  in  the  upper  and  middle  valleys.  With  the 
exception  of  Kilometer  8,  they  do  not  use  exceptionally  long  irrigation  canals  on 
medium  to  high  slope  intervalley  ridges  such  as  the  Wari  did.  Thus,  they  are 
comparatively  low  maintenance,  low  investment  systems. 

The  exception  to  this  rule  may  have  been  in  the  coastal  valley,  where  the 
long  Osmore  canal  constructed  on  the  north  slope  of  the  valley  crosses  steeply 
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sloping  terrain  to  irrigate  some  25  hectares  of  well  organized  field  systems 
above  the  valley  floodplain.  While  this  system  cannot  be  definitively  attributed 
to  Tumilaca  peoples,  it  was  most  likely  constructed  in  this  time  period.  The  fact 
that  Chiribaya  and  Tumilaca  were  contemporary  in  the  coastal  valley  for 
perhaps  a century  make  it  difficult  to  ascertain  who  constructed  the  canal 
(Owen,  1993),  but  the  evidence  indicates  that  the  canal  was  contemporary  with 
the  agricultural  landscape  of  the  eleventh  century  A.  D.  (Satterlee  et  al.,  n.d). 

The  regional  foci  of  Tumilaca  habitation  were  apparently  agriculturally 
organized  on  a similar  level.  All  four  of  the  Tumilaca  regions  discussed  earlier 
probably  irrigated  a roughly  similar  land  area  within  the  different  sections  of  the 
drainage,  between  400  and  600  hectares  each.  There  does  appear  to  be  some 
decline  in  irrigated  area,  and  by  inference  in  agricultural  productivity,  as  one 
moves  down  the  drainage  into  areas  of  higher  water  scarcity.  In  the  coastal 
valley,  subsistence  agriculture  is  presumably  supplemented  by  marine  resource 
exploitation,  so  that  a similar  or  larger  population  could  be  supported  by  local 
resources  on  the  coast  than  in  the  other  regional  foci  at  this  time,  given  the 
agrarian  infrastructure  in  the  different  ecozones. 

The  agricultural  data  imply  similar  production  potentials  among  the 
various  Tumilaca  groups  within  the  valley.  We  might  infer  similar  population 
estimates  for  each  of  the  different  foci,  with  the  exception  of  the  coast.  Here, 
marine  resource  exploitation  could  support  a larger  population  in  conjunction 
with  irrigation  agriculture.  But  the  coast  is  also  inhabited  by  the  Algorrobal 
Phase  Chiribaya  at  this  time  (Owen,  1993),  so  we  might  not  expect  the  llo- 
Tumilaca  population  to  exceed  that  of  the  other  regional  foci. 

As  opposed  to  the  well  integrated  state  agricultural  systems  of  the 
Tiwanaku  era,  Tumilaca  agriculture  appears  dispersed  and  regionalized.  Upper, 
middle,  lower,  and  coastal  valley  irrigation  systems  operated  independently  of 
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each  other,  without  the  hydraulic  integration  characteristic  of  earlier  eras.  This 
independence  probably  benefitted  upvalley  farmers  in  decades  of  drought,  but 
may  also  have  generated  conflict  between  the  various  ecozonal  groups. 

While  some  years  in  the  Tumilaca  Phase  provided  an  abundance  of 
water  for  everyone,  there  would  also  have  been  years  in  which  water  resources 
were  more  scarce,  and  the  lower  and  coastal  regions  would  have  been  most 
effected  by  this  scarcity.  Without  an  overarching,  valley-wide  political 
mechanism  to  mitigate  conflict  over  water  resources,  actions  may  have  turned 
violent.  The  factionalized  groups  may  have  become  further  isolated  from  each 
other  and  more  adamant  about  their  own  rights  to  resources.  The  defensive 
nature  of  Tumilaca  sites  and  the  divergence  of  style  between  the  different 
regional  foci  may  have  been  products  of  increasing  regionalism  and  inter-group 
conflict. 


Figure  5-2:  Tumilaca  La  Chimba,  the  type  site  for  the  Tumilaca  Phase.  Note  that  the  Estuquifta 
architecture  at  the  site  is  superimposed  over  earlier  Tumilaca  habitation  (Bawden,  1989a). 
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The  technological  vulnerability  of  Tumilaca  agricultural  systems  lies  in  the 
water  expensive  nature  of  the  dispersed  settlement  system,  and  the  lack  of  a 
valley  irrigation  authority  to  mediate  conflicts  over  water  resources.  Thus,  even 
relatively  small  fluctuations  in  water  levels  could  have  precipitated  instability 
within  the  social  water  distribution  system.  As  these  fluctuations  became  more 
pronounced  toward  the  end  of  the  eleventh  century  A.  D.,  tensions  among  the 
various  groups  would  have  increased. 

The  end  of  the  Tumilaca  period  is  not  well  dated.  The  coastal 
radiocarbon  chronology  indicates  the  end  of  the  llo-Tumilaca  style  corresponds 
to  around  1050  A.  D.,  but  it  appears  that  the  tradition  continues  under  the  rubric 
of  llo-Cabuza,  though  probably  on  a much  smaller  scale  (Owen,  1993).  In  the 
middle  and  upper  valley,  radiocarbon  dates  for  Tumilaca  Phase  sites  are  sorely 
lacking.  Nevertheless,  we  can  assume  that  the  abandonment  of  Tumilaca  sites 
dates  to  between  1050  and  1150  A.  D.,  since  superposition  evidence  at 
Tumilaca  La  Chimba  suggests  the  Tumilaca  component  of  the  site  was 
abandoned  before  the  Estuquina  Phase  occupation  of  the  same  site  (see 
Figure  5-2;  Bawden,  1989a).  Since  Estuquina  occupation  of  the  valley  expands 
significantly  in  the  thirteenth  century  A.  D.,  Tumilaca  had  probably  been 
abandoned  years  before. 

. In  the  Otora  Valley,  Stanish  notes  an  intervening  phase  of  occupation 
between  the  abandonment  of  the  Tumilaca  settlement  and  the  founding  of 
Estuquina  sites  in  this  tributary  (Stanish,  1985).  An  occupation  significant 
enough  to  construct,  occupy,  and  abandon  a series  of  sites  during  this  phase 
suggests  an  intervening  era  of  significant  duration  between  Tumilaca  and 
Estuquina  settlement.  At  least  one  site  of  the  intervening  epoch,  dubbed  the 
Otora  Phase,  was  related  to  Tumilaca’s  coastal  contemporary  and  successor, 
Chiribaya  (Stanish,  1985). 
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The  exact  disposition  of  Tumilaca  society  remains  a mystery.  We  might 
speculate  that  conflict  over  decreasing  water  resources  drove  them  from  the 
drainage,  but  the  evidence  to  support  this  is  rather  presumptive.  However,  it  is 
clear  that  Tumilaca  settlements  were  abandoned  in  various  parts  of  the  valley 
and  replaced  by  coastal  or  altiplano  settlements  in  a manner  suggesting  a social 
collapse.  In  the  Otora  valley,  the  small  Tumilaca  site  of  Kilometer  8 is 
abandoned  and  replaced  by  the  upslope  sites  of  Porobaya  Chica,  Cuajone,  and 
Cuesta  Alta  de  Otora.  These  are  sites  which  Stanish  identifies  as  an  ethnic 
coastal  Chiribaya  settlement  on  one  hand  and  an  ethnic  altiplano  Colla 
settlement  on  the  other  (Stanish,  1985). 

The  Emergence  of  Coastal  Control 

Coincident  with  middle  to  late  Tumilaca  occupation  of  the  drainage  and 
extending  beyond  Tumilaca  collapse  into  the  fourteenth  century  A.  D.,  the 
Chiribaya  culture  and  its  highland  contemporaries  inhabited  the  Moquegua 
drainage.  A radiocarbon  chronology  in  the  coastal  valley  has  defined  the 
contemporaneity  of  early  Chiribaya  phases  with  middie  to  late  llo-Tumiiaca 
times,  circa  1000  A.  D.  (Owen,  1993).  The  focal  point  of  Chiribaya  society 
certainly  was  the  coastal  valley.  The  early  part  of  this  era  most  likely  represents 
the  florescence  of  coastal  valley  agriculture,  despite  the  declining  rainfall 
records  of  the  eleventh  and  twelfth  centuries  A.  D. 

Chiribaya  related  cultural  remains  are  found  along  a 60  kilometer  stretch 
of  the  Peruvian-Chilean  coastline  between  the  Arica  and  Tambo  Valleys,  an 
area  which  included  Moquegua  (Jessup,  1991).  Several  scholars  have 
speculated  that  the  Chiribaya  were  cultural  descendants  of  the  Tiwanaku 
cultural  presence  in  Moquegua  (Owen,  1993;  Stanish,  1985;  Rice,  1993). 
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These  hypotheses  hold  that  the  biological  and  cultural  descendants  of  the 
Tiwanaku  colonial  presence  in  Moquegua  directly  evolved  into  the  Chiribaya 
culture.  Recent  investigations  of  Chiribaya  and  Tiwanaku  mortuary  populations 
confirm  this  hypothesis. 

In  an  analysis  of  dental  traits  of  Azapa  Valley  Late  Intermediate 
populations,  Moquegua  Valley  Chiribaya,  and  Moquegua  Valley  preceramic 
populations,  the  Moquegua  Chiribaya  represent  a different  biological  group  than 
both  Azapa  and  coastal  preceramic  populations  from  both  valleys.  Furthermore, 
Azapa  Chiribaya  fall  within  the  same  biological  group  as  preceramic  populations 
from  both  valleys.  The  author  of  this  research  suggests  that  the  Moquegua 
Chiribaya  group  represents  biological  continuity  with  Tiwanaku  and  altiplano 
dental  traits  (Sutter,  1994). 

Recent  biodistance  studies  of  Moquegua  and  Titicaca  mortuary 
populations  confirm  the  biological  continuity  of  Chiribaya  populations  with  the 
Moquegua  Tiwanaku  forebearers.  These  studies  also  indicate  a high  degree  of 
relatedness  between  the  mortuary  populations  interred  in  Chen  Chen  and  the 
mortuary  populations  of  the  Tiwanaku  capital  itself  (Blom,  1997).  Thus  both  the 
Chen  Chen  and  Moquegua  Chiribaya  populations  appear  to  be  biologically  and 
culturally  descended  from  altiplano  Tiwanaku  populations. 

. The  Tiwanaku  descent  hypothesis  establishes  the  organizational  tradition 
of  Chiribaya  peoples  to  the  Tiwanaku  state  apparatus.  However,  the  political 
fluorescence  of  Chiribaya  dominion  does  not  occur  until  the  Post-Algarrobal 
Phase,  probably  over  a century  after  state  collapse  (Owen,  1993).  Between  the 
Tumilaca  contemporary  Algorrobal  Phase  and  the  post  llo-Tumilaca  Yaral  and 
San  Geronimo  Phases,  drastic  changes  occur  in  coastal  valley  settlement 
patterns.  The  most  marked  of  these  changes  include  a three-fold  increase  in 
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Chiribaya  habitation  sites  punctuated  by  a radical  decrease  in  the  number  of 
Tumilaca  sites  (Owen,  1993). 

The  population  explosion  within  the  Chiribaya  culture  is  also 
accompanied  by  the  emergence  of  a stratified  class  of  elites,  as  documented  in 
mortuary  contexts  at  Chiribaya  Alta.  In  the  later  phases  of  Chiribaya 
occupation,  some  burials  involved  rectilinear  tombs  constructed  of  stone  with 
mortar  and  the  inclusion  of  a large  number  of  high  status  goods.  Particularly 
revealing  is  the  inclusion  of  a presumably  ceremonial  axe  decorated  with  a 
human  hair  braid  in  some  male  burials.  These  axe-like  staffs  are  made  of  wood 


Figure  5-3:  Chiribaya  Alta  site  plan  showing  defensive  walls,  cemeteries  (in  grey),  plaza  areas, 
and  community  structures  (Buikstra,  1995). 
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or  copper,  suggesting  an  ideological  rather  than  purely  utilitarian  role.  High 
status  burials  including  up  to  25  fine  ceramic  vessels,  camelid  offerings,  musical 
instruments,  etcetera  are  not  limited  to  adults.  Some  children  received  similar 
treatment  as  high  status  adults,  including  gender  differentiation  in  the 
associated  grave  goods,  attesting  to  the  permanent,  inherited  nature  of  status 
(Jessup,  1991). 

The  expansion  and  creation  of  a dominant  population  center  and  the 
development  of  an  elite  occupied,  possibly  administrative  site  at  Chiribaya  Alta 
also  confirm  the  changing  character  of  Chiribaya  political  organization.  The  site 
of  Chiribaya  Alta  occupies  36  hectares  on  the  valley  rim  surrounded  by  a ditch 
and  earthen  wall  on  one  side  with  the  other  sides  poised  on  the  edge  of  a steep 
grade  into  the  valley  proper.  This  configuration  limited  access  to  the  site  and 
segregated  it  both  geographically  and  structurally  from  other  Post  Algarrobal 
Chiribaya  settlements  (Owen,  1993;  Rice,  1993). 

The  thick  rampart  surrounding  the  community  is  a unique  example  of 
monumental  construction  in  the  Chiribaya  heartland  (Moseley,  1992).  The 
internal  site  plan  of  Chiribaya  Alta  also  distinguishes  it  as  a special  purpose  site. 
In  addition  to  the  vast  cemeteries  with  high  status  burials  surrounding  it,  several 
large,  apparently  non-domestic  structures  occupy  the  site.  Great  plaza  areas 
also  populate  the  enclosure,  and  finely  made  ceramics  with  complex  designs 
are  found  in  much  more  ubiquitous  quantities  than  in  contemporary  sites 
(Jessup,  1991;  Rice,  1993). 

Thus,  the  political  complexity  of  Chiribaya  was  apparently  considerably 
stratified  and  hierarchically  organized.  Authority  may  have  been  legitimized 
through  ceremonial  activity  with  the  axe-staff  representing  a symbol  of  power.  It 
is  also  likely  that  fine  textiles  and  ceramic  goods  also  played  a role  in 
establishing  status.  The  inclusion  of  coca  pouches,  keros , and  chicha  brewing 
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vessels  in  elite  mortuary  contexts  (Jessup,  1991)  also  suggests  the  importance 
of  ritual  drinking  in  the  ceremonial  life  of  the  Chiribaya  rulers. 

Chiribaya  authority  over  the  valley  from  its  center  at  Chiribaya  Alta  may 
have  been  more  hegemonic  than  totalitarian  in  design  despite  the  increasing 
convergence  of  ceramic  style  through  the  temporal  phases.  In  the  upper  sierra 
site  of  Porobaya  Chica,  altiplano  traits  such  as  proto -chulpa  tomb  styles  are 
incorporated  into  the  cultural  repertoire  (Stanish,  1985),  indicating  that  coastal 
authority  was  not  absolute.  While  Chiribaya  political  organization  may  not  have 
suffered  from  over-centralization,  traditional  authority  may  not  have  had  the 
power  to  act  in  times  of  crisis.  Furthermore,  the  materials  used  in  the 
legitimization  of  status  may  have  become  overburdensome  with  the  declining 
resource  availability  that  accompanies  population  growth  and  decreasing 
precipitation  along  the  Andean  coast. 

Despite  the  biological  continuity  of  populations  of  post-Tiwanaku  state 
Moquegua  with  their  altiplano  ancestors  and  the  hypothetical  lack  of  strong 
centralized  control,  the  Post-Algarrobal  Chiribaya  period  represents  a return  to 
coastal  autonomy  and  influence  over  the  western  drainages.  The  Tumilaca 
people  dispersed  throughout  the  valley  in  the  wake  of  state  collapse  were 
supplanted  by  a biologically  similar  population  of  coastal  peoples  within  perhaps 
a century  or  two.  The  power  focus  shifts  from  the  middle  valley  in  the  Tiwanaku 
era  to  the  lower  valley,  and  this  shift  is  reflected  in  the  agricultural  landscape  of 
the  period. 

The  Fluorescence  of  Coastal  and  Lower  Valley  Agriculture 

In  concordance  with  the  population  and  power  shift  to  the  coastal  valley 
centered  at  Chiribaya  Alta,  there  is  also  an  apparent  abandonment  of  some 
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Tumilaca  sites  and  agricultural  lands  in  the  upper  valley.  Only  in  the  Otora 
Valley  does  there  appear  to  be  an  expansion  and  upvalley  elaboration  of 
irrigation  agriculture  in  the  early  Late  Intermediate  period.  In  other  upper  valley 
drainages,  such  as  the  Tumilaca  and  the  Torata,  there  is  no  strong  evidence  for 
an  intervening  occupation  phase  between  Tumilaca  and  Estuquiha  (Bawden, 
1989a).  Burgi  suggests  that  several  Estuquiha  sites  may  have  been 
characterized  by  continuous  occupation  since  the  Middle  Horizon  based  on  a 
couple  early  radiocarbon  dates  and  a few  Tumilaca  and  Chiribaya  Period  sherds 
in  the  midden  areas  of  the  site  of  Capanto  (Burgi,  1993).  However,  his 
excavations  exposed  only  Estuquiha  occupation  floors,  so  the  hypothesis  of 
occupational  continuity  at  Capanto  and  similar  Estuquiha  sites  is  rather 
tentative. 

Since  more  recent  work  has  failed  to  locate  any  substantial  Chiribaya 
occupation  (Owen,  1994)  in  the  Tumilaca  and  Torata  tributaries,  it  is  unlikely  that 
there  was  much  agricultural  production  in  the  upper  valley  during  the  twelfth 
century  A.  D.  Even  if  we  account  for  a modest  Chiribaya  colonial  occupation  in 
the  Torata  Valley,  land  under  production  during  the  Chiribaya  Period  falls,  and 
water  use  in  the  upper  sierra  also  decreases  radically  from  36  million  cubic 
meters  of  water  annually  to  ten. 

. Thus,  the  Moquegua  upper  sierra  represents  the  periphery  of  Chiribaya 
influence.  In  the  Otora  tributary,  Chiribaya  colonial  settlement  is  augmented  by 
a settlement  of  a distinctively  altipiano  origin,  perhaps  represented  by  the  Colla 
polity  from  the  north  shore  of  Lake  Titicaca  (Stanish,  1985).  This  distinction  is 
based  on  ceramic  associations,  household  forms,  and  funerary  practices  that 
drastically  differ  between  the  two  types  of  settlements,  but  conform  to  their 
respective  centers  of  origin.  A third  settlement  may  represent  a third  ethnic 
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Figure  5-4:  Chiribaya  Phase  agriculture  and  noteworthy  sites  (ca.  1200  A.  D.) 
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colony  of  a pastoral  people  or  an  economic  pastoral  trading  outpost  (Stanish, 
1985). 

The  lack  of  this  multiethnic  settlement  configuration,  or  any  apparent 
settlement  during  the  Otora  Period  in  the  larger  tributaries  of  the  upper  sierra 
may  be  a product  of  the  more  extensive  Tumilaca  settlement  of  those  valleys, 
but  further  research  is  required  to  affirm  this  hypothesis.  The  Chiribaya 
settlement  of  Otora  most  likely  corresponds  to  the  last  Chiribaya  Phase,  San 
Geronimo.  Stanish’s  illustrations  of  ceramics  recovered  from  Porobaya  Chica 
included  bootpots,  oval  shaped  bowls,  and  a pitcher  lacking  the  handle 
protuberance  and  designed  with  semi-circular  motifs  and  white  dots  (Stanish, 
1985).  These  characteristics  exclude  the  ceramic  assemblage  of  Porobaya 
Chica  from  the  earliest  Algarrobal  Phase  and  hold  the  largest  affinities  with  the 
San  Geronimo  Phase  (Jessup,  1991).  Thus,  the  colonization  of  the  upper  sierra 
by  Chiribaya  probably  took  place  at  the  height  of  Chiribaya  political  power,  after 
the  disappearance  of  llo-Tumiiaca  in  the  lower  valley,  and  presumably  after  the 
end  of  Tumilaca  occupation  of  the  upper  sierra. 

The  middle  valley  is  first  settled  by  Chiribaya  in  the  Yaral  Phase,  which  is 
named  for  the  type  site  of  La  Yaral  where  middle  valley  agriculture  ends  and  the 
river  disappears  beneath  the  ground  surface.  At  the  site  of  La  Yaral,  Chiribaya 
supplants  an  earlier  Tumilaca  site  which  occupied  the  same  region  where  three 
calibrated  radiocarbon  dates  place  the  Chiribaya  occupation  from  1030  to  1250 
A.  D.  (Rice,  1993).  Several  other  middle  valley  Chiribaya  sites  were  also 
probably  founded  during  this  phase,  replacing  or  supplanting  the  Tumilaca 
peoples  who  had  lived  there  and  taking  over  agricultural  production  in  the 
middle  valley.  This  expansion  takes  place  as  Chiribaya  ascends  to  its  role  of 
regional  influence. 
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From  an  agricultural  and  settlement  perspective,  Chiribaya  first  took  over 
the  coastal  valley.  As  water  became  scarcer  in  the  Yaral  Phase,  they  expanded 
into  the  middle  valley,  pushing  closer  to  the  source  of  the  rivers  and  supplanting 
the  Tumilaca  populations  there.  They  continued  to  push  up  valley,  establishing 
a colony  in  the  Otora  valley  in  the  San  Geronimo  Phase  in  coincidence  with  the 
Tumilaca  abandonment  of  that  ecozone  and  of  the  valley.  In  the  upper  sierra,  a 
periphery  of  their  chiefdom,  they  were  joined  by  colonists  of  altiplano  polities, 
presumably  on  fairy  amicable  terms  and  in  small  scale  agrarian  production. 

The  low  intensity  of  agricultural  production  in  the  upper  sierra  was 
accompanied  by  a continuity  in  productivity  in  the  middle  valley  and  certainly  no 
increase  in  productivity  in  the  coastal  valley  even  though  a population  explosion 
was  occurring  there.  Despite  the  decrease  in  water  use  in  the  upper  sierra, 
there  was  not  sufficiently  more  water  available  at  lower  elevations  due  to  a 
significant  decrease  in  overall  precipitation  between  the  Tumilaca  and  Post- 
Algarrobal  Chiribaya  period.  Between  950  and  1100  A.  D.,  annual  discharge 
averaged  240  million  cubic  meters  with  a decadal  standard  deviation  of  13. 
Between  1100  and  1250,  average  annual  discharge  had  dropped  to  217  million 
cubic  meters  with  a decadal  standard  deviation  of  15.  Decadal  average  ranges 
also  dropped  from  220-260  m3x106  to  180-240  m3x106.  In  essence,  there  was 
at  least  one  decade  during  the  Chiribaya  domain  in  which  decadal  rainfall  levels 
were  the  lowest  they  had  been  since  the  Wari  occupation  of  the  drainage. 

Chiribaya  was  not  entirely  dependent  on  agriculture  in  the  coastal  valley 
for  subsistence.  At  the  coastal  site  of  San  Geronimo,  maritime  resources 
played  a much  more  important  role.  Even  the  more  inland  site  of  Chiribaya 
Baja  incorporated  a storage  pit  containing  anchovies  which  suggest  the 
maritime  subsistence  pattern  permeated  some  inland  sites  (Jessup,  1991). 
Interments  in  the  cemeteries  of  Chiribaya  Alta  suggest  the  elite  groups  stationed 
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here  held  control  over  local  camelid  herds  based  on  the  inclusions  of  vast 
numbers  of  camelid  bones  in  interments  and  domestic  contexts  and  the 
exclusive  use  of  wool  in  creating  fine  textiles.  Pastoral  resources  were  not 
limited  to  consumption  at  Chiribaya  Alta,  however,  as  significant  quantities  of 
camelid  remains  were  recovered  from  the  coastal  site  of  San  Geronimo  as  well 
(Jessup,  1991). 

However,  agricultural  products  must  have  played  an  important  role  in  the 
status  hierarchy  of  Chiribaya  elites.  Burials  often  contain  wooden  keros  which 
were  used  for  ritual  consumption  of  fermented  beverages  like  maize  beer,  a 
product  whose  supply  depended  upon  irrigation  agriculture.  The  inclusion  of 
coca  and  coca  pouches  in  burials  also  attest  to  the  importance  of  this 
agricultural  product  in  the  life  of  the  Chiribaya  elite  (Jessup,  1991).  So  despite 


Figure  5-5:  Grided  fields  in  the  coastal  Moquegua  valley,  perhaps  devoted  to  agricultural 
production  for  status  goods. 
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the  maritime  and  pastoral  resources  which  supported  Chiribaya  society,  agrarian 
production  was  central  to  the  maintenance  of  the  elite  economy. 

In  fact,  agricultural  produce  was  so  important  to  the  Chiribaya  elite  that 
they  may  have  created  specialized,  integrated  field  systems  specifically  for  the 
production  of  these  ritual  products.  Some  of  the  field  systems  associated  with 
the  Osmore  canal  bear  the  mark  of  an  organized  central  authority  in  their 
construction.  In  one  field  system,  several  hectares  are  grided  into  2 by  2 meter 
cells  which  line  up  in  a perfect  pattern.  This  type  of  field  organization  is  unique 
in  the  Moquegua  Valley  and  bears  the  stamp  of  central  planning.  While  the 
hypothesis  that  these  were  fields  controlled  by  a central  authority  for  the 
production  of  ritual  products  is  still  tentative,  their  unique  configuration  definitely 
suggests  some  special  purpose.  Future  investigations  of  the  soils  and  phytolith 
remains  in  these  systems  may  reveal  exactly  which  product  or  products  were 
being  cultivated  and  the  intensity  and  exclusivity  of  production. 

Convergent  Disaster  in  the  Destruction  of  Chiribaya  Culture 

Chiribaya’s  expansion  was  probably  halted  by  the  thirteenth  century  A.  D. 
At  this  point  in  time,  several  key  factors  would  have  begun  to  seriously 
compromise  the  production  ability  of  coastal  valley  fields,  including  those  that 
may  have  been  committed  to  producing  goods  for  elite  ceremonial  consumption. 

The  first  of  these  stressors  was  the  increasingly  severe  drought  being 
visited  upon  the  South-Central  Andes.  As  mentioned  before,  the  decline  in 
water  availability  in  Post-Tumilaca  times  was  offset  by  the  abandonment  of 
Tumilaca  fields  in  the  upper  valley.  Since  this  abandonment  was  coincident  with 
drought  onset,  there  was  no  ability  to  increase  production  in  the  coastal  valley 
due  to  lack  of  water.  During  the  consolidation  and  expansion  of  Chiribaya 
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influence,  at  least  one  decade  of  severely  depressed  rainfall  levels  would  have 
hampered  agrarian  production.  In  late  Chiribaya  times,  the  drought  worsened. 
The  period  between  1250  and  1400  A.  D.  saw  average  rainfall  levels  drop  from 
around  220  million  cubic  meters  of  annual  discharge  to  approximately  200 
million  cubic  meters  with  decadal  average  ranges  also  dropping  from  180-240  to 
170-240  million  cubic  meters. 

While  these  droughts  would  have  significantly  affected  coastal  valley 
agriculture,  renewed  expansion  of  agricultural  lands  in  the  upper  and  middle 
valley  during  the  thirteenth  century  A.  D.  by  the  Estuquiha  culture  would  have 
effectively  crippled  most  Chiribaya  agriculture  in  the  lower  middle  and  coastal 
valley.  The  Estuquiha  were  apparently  an  outgrowth  of  the  Chiribaya  and  the 
altiplano  “Colla”  settlements  of  the  Otora  Valley  (Stanish,  1985).  They  began  to 
expand  into  all  parts  of  the  upper  sierra  and  upper  middle  valley  in  the  thirteenth 
century  A.  D.  based  on  radiocarbon  dates  from  Porobaya,  Estuquiha,  and  San 
Antonio.  At  the  height  of  Estuquiha  production  in  the  fourteenth  and  fifteenth 
century  A.  D.,  Estuquiha  agricultural  fields  would  require  the  use  of  220  million 
cubic  meters  of  annual  discharge  in  the  upper  and  middle  valleys  alone.  Since 
the  vast  majority  of  Estuquiha  land  lies  upslope  of  Chiribaya  irrigation  systems, 
this  production  cycle  would  have  eliminated  almost  all  water  from  reaching  any 
Chiribaya  fields  by  the  fourteenth  century,  if  not  earlier. 

One  response  of  the  Chiribaya  elite  to  the  loss  of  agricultural  productivity 
in  the  highly  valued  fields  of  the  Osmore  canal  may  have  been  an  increased 
reliance  on  chicha  de  molle  instead  of  chicha  made  from  maize.  Archaeological 
investigations  indicate  a heavy  use  of  molle  in  the  preparation  of  chicha  in  the 
Chiribaya  realm  (Owen,  1993).  The  molle  is  a pepper  which  grows  in  the  lomas 
and  is  not  a product  of  irrigation  agriculture.  Thus,  the  reliance  on  a less 
desirable  base  product  for  the  production  of  elite  consumables  rather  than  on  a 
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preferred  product  which  relied  on  agrarian  resources  may  be  indicative  of  the 
scarcity  of  irrigation  waters  during  late  Chiribaya  times. 

It  appears  that  Chiribaya  culture  persisted  until  the  second  half  of  the 
fourteenth  century.  At  that  time,  a sudden  abandonment  of  sites,  a marked 
population  decrease,  and  a disappearance  of  the  Chiribaya  ceramic  style  from 
the  archaeological  record  mark  the  end  of  Chiribaya  culture  (Owen,  1993).  This 
change  is  punctuated  by  the  wholesale  destruction  of  the  long  Osmore  canal  by 
massive  debris  flows  from  the  surrounding  slopes.  At  the  Chiribaya  village  of 
Miraflores  in  the  valley  of  a coastal  spring,  a wall  of  mud  travelling  113 
kilometers  per  hour  scoured  the  village  and  its  inhabitants  off  the  floodplain  and 
into  the  sea  (Satterlee,  1993). 

These  radical  mudslides  were  precipitated  by  strong  El  Nino  rains. 

These  flood  events  would  have  devastated  agricultural  infrastructure,  rendering 
most  fields  instantaneously  useless  (Satterlee,  1993).  In  conjunction  with  the 
documented  long  term  water  shortages  due  to  drought,  it  is  likely  that  many 
agricultural  surfaces  were  already  out  of  use  due  to  lack  of  irrigation  water.  The 
Miraflores  event  would  have  finalized  the  collapse  of  the  Chiribaya  economic 
system  through  infrastructural  destruction  and  demographic  decline  due  to  the 
event  itself  and  the  disease,  starvation,  and  pestilence  it  would  bring  in  its  wake 
(Satterlee,  1993).  While  the  cultural  collapse  is  documented  by  the 
abandonment  of  Chiribaya  material  culture  in  the  surviving  populations, 
demographic  collapse  is  suggested  by  the  lack  of  a strong  post-flood  occupation 
in  the  coastal  valley,  perhaps  representing  a population  decline  of  80  percent 
(Owen,  1993). 

The  vibrant  Chiribaya  iconography  on  textiles  and  ceramics  is  completely 
lost  as  a plain,  undecorated  style  becomes  prominent  in  the  coastal  valley,  a 
style  which  conforms  to  the  Estuquina  tradition  in  the  upper  valley.  Despite  the 
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presumably  modest  influx  of  immigrants  from  the  sierra  or  coastal  dwellers  from 
the  south  (Penman,  1991),  coastal  population  does  not  rebound  nor  does  the 
vibrant  cultural  style  experience  a resurgence.  Some  mixed  Chiribaya- 
Estuquina  ceramic  forms  have  been  identified  in  a post-flood  context,  a style  the 
investigator  calls  Chiriquiha  (Reycraft,  1997),  but  the  vibrant  iconography  and 
the  status  hierarchy  and  political  structure  which  accompanied  it  suddenly 
disappear. 

Chiribaya  collapse  was  predicated  on  drought  and  the  hydrological 
vulnerability  of  lower  elevation  irrigation  systems  to  water  shortages.  This 
vulnerability  is  especially  pronounced  when  competition  for  water  with  high 
sierra  terrace  systems  that  use  water  more  efficiently  and  hold  principal  access 
to  hydrological  resources  exists.  This  was  certainly  the  case  in  the  thirteenth 
and  fourteenth  centuries  A.  D.  It  was,  however,  the  lack  of  a strong  regional 
authority  which  perpetuated  the  decline  in  Chiribaya  political  influence  and  the 
massive  flood  events  caused  by  El  Nino  rains  which  inevitably  caused  the  final 
collapse  of  the  polity. 

Community  Political  Organization  Among  the  Estuquina 

* With  the  Chiribaya  collapse,  political  control  of  the  valley  reverted  to  the 
sierra,  a shift  that  had  been  in  the  making  for  some  time.  Cultural  dominance  of 
Estuquina  in  the  late  Late  Intermediate  Period  was  not  manifested  in  a central 
power  center  as  had  been  the  case  at  Chiribaya  Alta.  Instead,  each  site  was 
probably  rather  autonomous  in  its  control  of  local  resources.  Estuquina  sites 
are  notably  fortified  in  almost  every  case.  They  are  located  on  defensive  knolls 
with  natural  limited  access.  Access  ridges  are  always  reinforced  with  massive 
wall  and  ditch  fortifications  to  control  access  to  the  site.  While  Estuquina  sites 
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exercised  strict  control  over  local  access  and  presumably  over  local  resources, 
new  exchange  networks  with  the  coast  developed  as  Estuquina  populations 
moved  into  that  depopulated  econiche.  For  the  first  time  in  the  Otora  Valley,  fish 
became  a part  of  the  diet  as  evidenced  by  the  quantities  of  fish  bone  recovered 
at  Porobaya  in  the  post-Chiribaya  phase  (Stanish,  1985). 

Despite  the  formulation  of  new  coastal  exchange  networks,  a strong  elite 
had  not  yet  emerged,  and  the  distribution  of  this  coastal  resource  was  not 
limited  to  specific  residential  structures,  but  was  rather  equally  distributed 
among  the  various  households  in  the  community  (Stanish,  1985).  Likewise,  in 
the  cemeteries  of  the  Estuquina  site,  although  there  are  differential  burial 
practices,  there  are  no  strong  status  differences  in  grave  goods  (Williams  et  al. , 
1989).  Among  the  differential  burial  practices  are  the  elaboration  of  tomb 
construction  among  certain  individuals,  especially  pronounced  later  in  the 
Estuquina  sequence.  These  above-ground  constructions,  known  as  proto- 
chulpas  or  more  appropriately  collared  tombs,  involve  the  expansion  of  tomb 
construction  to  visible  surface  layers  in  the  form  of  rings  of  stone  (Wiliams  et 
al.,  1989).  While  chulpas  are  a highland  phenomenon,  collared  tombs  probably 
represent  coastal  influence  (Buikstra,  1995). 

The  elaboration  of  these  types  of  tombs,  which  are  fairly  limited  in 
number  at  most  sites,  has  been  argued  to  be  representative  of  the  development 
of  an  incipient  elite  (Stanish,  1985).  These  tombs  may  actually  be 
representative  of  founding  ancestors  of  social  groups  or  cargo  positions  if 
architectural  analysis  of  Estuquina  social  organization  is  accurate.  The  site  of 
San  Antonio  has  been  argued  to  be  divided  into  at  least  two  residential  sectors, 
and  each  of  those  sectors  is  divided  in  two  again  in  a set  of  hierarchies  of 
nested  dualities.  Each  of  the  two  main  architectural  divisions  contains  one 
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Figure  5-6:  The  Estuquina  Phase  site  of  San  Antonio  is  architecturally  divided  in  dual  nested 
hierarchies,  designated  by  the  A/B  and  I/ll  divisions  (Conrad  et  al.,  1989). 

household  that  is  structurally  larger  than  the  others  in  that  sector,  perhaps 
representing  the  residences  of  moiety  leaders  (Conrad  et  al.,  1989). 

Furthermore,  if  size,  construction  quality,  access  to  prestigious  resources, 
and  commanding  location  are  measures  of  social  ranking,  San  Antonio’s  Sector 
II  outranks  Sector  I.  Within  these  sectors,  subsectors  IA  and  IIA  have  larger 
floor  areas,  composite  households,  and  special  purpose  buildings  that  are  not 
indicative  of  subsectors  IB  and  IIB  (see  Figure  5-6).  Within  each  Sector,  there 
is  one  household  that  is  predominant  in  household  size  and  lies  in  subsector  A 
(Conrad  et  al.,  1989).  The  incipient  elite  emerging  in  the  late  Late  Intermediate 
Period  may  in  fact  be  the  community  moiety  leaders.  This  organizational 
phenomena  dominates  discussions  of  Andean  ideals  of  community  self 
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sufficiency  and  social  structure  in  the  ethnohistoric  record,  and  even  the  Inka 
are  described  as  a complex  elaboration  of  this  form  (de  la  Vega,  1966). 

Yet,  at  the  time  of  the  Inka  invasion,  we  do  not  see  an  elaboration  of 
Estuquina  political  organization  beyond  the  community  level,  nor  is  there 
evidence  for  ascribed,  inherited  status  as  there  is  for  Chiribaya.  Perhaps  the 
Andean  ideal  was  leading  to  the  beginnings  of  differential  access  to  resources 
for  the  moiety  leaders  and  their  families;  if  not  for  the  Inka  invasion,  it  could  be 
argued  that  an  elite  class  would  have  developed  in  Estuquina  society  (Stanish, 
1985). 

That  this  autonomous,  community-based  organization  of  authority 
developed  out  of  a multiethnic  colonial  situation  is  rather  intriguing.  It  may  be 
that  competition  for  water  resources  based  on  accelerating  drought  conditions 
helped  to  precipitate  this  self-sufficient  small  group  mentality,  although  the 
evidence  for  coastal  and  altipiano  economic  interaction  suggest  that  isolationism 
was  not  the  norm.  Estuquina  sites  are  highly  defensive  in  nature,  however. 
Almost  all  sites  are  located  on  defensive  hill  tops,  surrounded  by  a dry  moat  and 
protective  wall.  Although  there  is  not  a great  deal  of  evidence  for  violent  conflict 
in  the  mortuary  populations  (Williams  et  al.,  1989),  settlement  patterns  suggest 
that  fear  of  conflict  was  a motivating  factor  in  Estuquina  society. 

Intensification  of  Terrace  Agriculture  in  the  High  Sierra 

Most  Estuquina  sites  of  significant  proportion  (greater  than  ten 
households)  follow  a pattern  of  one  site-one  associated  principal  canal,  a 
pattern  which  indicates  the  ideal  of  hydraulic  independence  within  these 
communities.  Furthermore,  Estuquina  sites  are  located  upvalley  of  the  colonies 
from  which  they  sprang  forth.  The  latest  Estuquina  sites  push  agriculture  to  its 


-igure  5-7:  Estuquifia  agnculture  and  key  archaeological  sites  of  the  Moquegua  sierra  (ca. 
1400  A.  D.) 
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elevationai  limits  as  their  canals  negotiate  the  steepest  terrain  to  draw  water 
from  river  sources  above  3000  meters  where  the  upper  valleys  constrict  and 
become  deeply  incised.  In  at  least  one  instance,  the  expansion  of  an  upvalley 
field  system  correlates  with  the  abandonment  of  a downvalley  site  and  its 
associated  canal. 

Superposition  evidence  indicates  that  the  Cerro  Huayco  canal  was  out  of 
commission  and  no  longer  usable  due  to  the  expansion  of  terrace  agriculture 
from  the  upvalley  Camata  irrigation  systems.  Terrace  flights  from  the  upper 
system  actually  cut  the  Cerro  Huayco  canal,  rendering  almost  100  percent  of 
the  associated  field  system  inoperable.  Excavation  of  the  Cerro  Huayco  canal 
revealed  a relatively  thinner  layer  of  volcanic  ash  from  the  1600  A.  D.  eruption 
of  Huayna  Putina  than  the  ash  layer  from  the  upslope  Camata  canal.  The 
thickness  of  the  ash  layer  reflects  the  temporal  proximity  to  the  eruption,  since 
post-abandonment  time  scale  will  reflect  the  degree  of  canal  filling  due  to  slope 
movement.  Thus,  excavation  data  confirms  the  superposition  data  and 
suggests  that  the  abandonment  of  the  two  systems  were  not  closely  related 
temporally.  While  the  terraces  which  cut  the  Cerro  Huayco  canal  may  have 
been  constructed  early  in  the  Inka  occupation  of  the  valley,  it  is  likely  that  they 
were  built  in  late  Estuquina  times. 

• Competition  for  resources  was  likely  a key  factor  in  the  development  of 
Estuquina  settlement  patterning.  As  evident  in  the  Camata-Cerro  Huayco 
example,  resource  competition  had  severe  consequences  for  the  community 
that  lost  the  battle  over  water  access  control.  Yet,  this  competitive,  defensive 
attitude  may  have  also  been  technologically  adaptive  to  drought.  As  canal 
systems  move  upstream  into  steeper,  higher  terrain,  they  shorten  the  distance 
between  the  source  of  water  in  the  wet  basin  and  the  fields  they  irrigate.  While 
canals  that  cross  steeper  slopes  lose  slightly  more  water  to  seepage  (Stanish, 
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1989),  measurements  of  water  loss  in  modern  packed  dirt  canals  of  ancient 
Estuquina  systems  do  not  exceed  the  four  percent  per  kilometer  water  loss 
documented  for  the  river  itself.  Furthermore,  since  Estuquina  fields  tend  to 
begin  near  the  canal’s  source,  much  of  the  seepage  is  directed  directly  onto  the 
fields. 

The  terrace  technology  the  Estuquina  used  also  contributed  to  the 
conservation  of  water.  The  steep  slopes  of  the  valley  sides  of  the  upper 
drainage  required  extensive  terracing  to  farm  effectively.  The  Estuquina  were 
master  terrace  builders  who  constructed  terrace  systems  that  are  still  fairly 
intact  today  after  centuries  of  weathering.  Since  terrace  systems  use  water 
more  efficiently  than  floodplain  fields  (Moquegua  Ministry  of  Agriculture,  1983), 
Estuquina  systems  were  more  conservative  in  their  use  of  water  than  their 
valley  bottom  counterparts. 

The  technological  adaptations  of  Estuquina  agriculture  were  drought 
adaptive,  and  the  economic  mechanisms  which  connected  them  to  coastal 
marine  resources  and  altiplano  pastoral  resources  diversified  their  subsistence 
base.  Their  community  autonomy  and  self-sufficiency  would  presumably  reduce 
social  vulnerability  to  crisis.  Farming  was  still  being  conducted  on  a fairly  small- 
scale  community  level,  which  although  labor  intensive  in  construction  and 
maintenance,  it  was  not  beyond  the  community’s  resources  should  a system 
require  extensive  reconstruction.  All  of  these  factors  would  have  contributed  to 
successful  adaptation  to  a environmental  regime  of  resource  scarcity. 

However,  the  nature  of  Estuquina  social  organization  did  not  include  an 
overarching  political  structure  that  could  provide  support  to  a local  community  in 
times  of  need.  Although  Estuquina  sites  were  defensive  against  raiding  parties, 
their  canals  and  fields  were  vulnerable  to  the  siege  a small  organized  military 
force  could  exert.  Despite  their  far-flung  economic  contacts  with  coast  and 
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altiplano,  there  did  not  appear  to  be  strong  political  connections  with  other 
settlements  within  the  same  ecological  zone.  Estuquiha  vulnerability  to  invasion 
may  have  been  more  pronounced  than  that  of  a centrally  organized  polity. 

Thus,  when  the  Inka  arrived  in  Moquegua  in  the  fifteenth  century,  no  serious 
organized  resistance  was  encountered. 


CHAPTER  6 


THE  RETURN  TO  EMPIRE 


Inka  imperial  control  over  its  various  conquered  regions  varied 
enormously  and  was  dependent  on  the  level  of  political  complexity  inherent  in 
the  pre-conquest  social  system.  In  some  regions,  the  Inka  practiced  indirect 
control.  By  replacing  the  apex  of  the  local  hierarchy  with  leaders  loyal  to  the 
Inka  state,  they  were  able  to  keep  the  traditional  hierarchy  intact.  In  these 
situations,  the  empire  could  administer  and  extract  tribute  from  a province 
without  substantial  reorganization  of  the  political  structure  (Schreiber,  1992). 
Moquegua  was  not  an  area  inclined  to  this  type  of  administration,  primarily 
because  a regional  political  hierarchy  did  not  exist. 

For  this  reason,  Moquegua  was  a province  in  which  direct  control  was 
necessary.  However,  the  form  of  direct  control  exerted  in  Moquegua  was  rather 
unique,  for  it  appears  to  have  been  administrated  not  directly  by  Cuzco,  but  by 
the  Titicaca  Basin  kingdom  of  the  Lupaqa.  In  Inka  contemporary  settlements 
within  the  valley,  Chucuito  ceramic  wares  suggest  the  strong  Lupaqa  influence 
during  the  Inka  Period  (Stanish,  1985).  Even  the  Inka  administrative  settlement 
of  Sabaya,  first  established  in  the  Inka  Period  and  conforming  to  Inka 
architectural  forms,  is  predominantly  populated  with  Chucuito  ceramic  wares 
(Burgi,  1993).  This  Lupaqa  domination  reflects  a shift  from  the  competing  pre- 
Inka  Colla  polity  influence  over  the  drainage,  a realignment  of  political  power 
which  was  probably  related  to  the  earlier  Inka  conquest  of  the  Titicaca  Basin.  In 
this  conquest,  Lupaqa  elites  allied  themselves  with  the  Inka  before  the  other 
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altiplano  polities  were  willing  to  give  up  their  sovereignty.  In  exchange  for  this 
early  display  of  loyalty  and  to  punish  those  who  resisted  imperial  domination, 
the  Inka  tunneled  power  and  resources  through  the  Lupaqa,  redefining  the 
economic  relationships  between  the  Titicaca  Basin  polities  and  sierra 
communities  (Stanish,  1989). 

Imperial  Inka  Nucleation  of  High  Sierra  Agriculture 

The  Inka  imperial  intrusion  into  the  Moquegua  Valley  was  probably  not 
unexpected.  Chroniclers’  accounts  of  Inka  expansion  suggest  that  the  Titicaca 
Basin  polities  of  Colla  and  Lupaqa  were  incorporated  rather  early.  Stanish 
suggests  a strong  economic  relationship  existed  between  the  Colla  and  the 
Estuquina  agriculturists  based  on  numerous  lines  of  data  including  the 
association  of  Sillustani  and  Collao  black-on-red  ceramics  in  Estuquina 
contexts.  The  early  subjugation  of  the  Titicaca  Basin  polities  is  probably 
reflected  in  the  archaeological  record  of  Moquegua  by  the  appearance  of 
Chucuito  ceramic  styles  of  the  Estuquina-lnka  phase;  a product  of  the 
realignment  of  political  power  in  the  Titicaca  Basin  (Stanish,  1985). 

The  actual  Inka  incorporation  of  Moquegua  as  an  administered  province 
occurs  slightly  later.  The  conquest  of  Moquegua  is  noted  by  the  chronicler 
Garcilaso  de  la  Vega,  who  relates  the  tale  of  a stand  by  the  indigenous 
inhabitants  of  Moquegua  on  top  of  a great  mesa  (de  la  Vega,  1989),  probably 
Cerro  Baul.  In  this  tale,  the  Inka  laid  siege  to  the  mountain  and  when  the 
Estuquina  ran  out  of  food  and  water,  the  benevolent  Inka  supplied  the  children 
who  came  down  the  mountain  with  these  items  which  encouraged  the  resistors 
to  descend  the  mesa  and  agree  to  Inka  rule. 
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Figure  6-1:  Inka  Phase  agriculture  and  sites  associated  with  Inka  administration  (circa 
1500  A.  D.) 
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Inka  imperial  presence  in  the  region  is  not  extensive,  but  the  construction 
of  a tambo  near  the  Estuquiha  site  of  Camata  (Guillaume-Gentil,  1992)  and  an 
administrative  center  near  the  modem  town  of  Torata  (Burgi,  1993)  confirm  the 
state  invested  in  architectural  infrastructure  in  Moquegua.  The  predominant 
ceramic  type  found  in  the  administrative  complex  hails  from  the  Lupaqa  capital 
of  Chucuito  where  the  style  derives  its  name.  Yet,  architectural  canons  at  the 
site  call  out  Inka  imperial  forms,  including  the  kallanca  (a  long  hall),  the  kancha 
unit  (an  enclosure  of  several  rooms  with  a patio),  and  even  an  usnu  (a  ritual 
platform)  (Burgi,  1993).  The  establishment  of  the  administrative  center 
corresponds  with  the  reorganization  of  sierra  agriculture  and  reflects  the  direct 
control  of  the  Inka  state  through  Lupaqa  administration. 

As  part  of  the  agrarian  reorganization,  the  Inka  heavily  invested  in  the 
agricultural  infrastructure  of  Moquegua.  According  to  Garcilaso,  Inka  conquest 
of  a region  brought  major  agricultural  restructuring  and  the  expansion  of  terrace 
systems  to  benefit  the  state  coffers.  Garcilaso  indicates  that  agricultural  lands 
of  a newly  administered  province  were  divided  into  thirds  whose  production  was 
destined  for  religious,  state,  and  local  consumption.  Lands  assigned  to  local 
consumption  were  owned  communally,  but  were  assigned  to  families  based  on 
the  number  of  members  in  a household.  A couple  was  allocated  one  tupu  to 
farm,-  and  received  an  additional  tupu  for  each  son  and  a half  tupu  for  each 
daughter  (de  la  Vega,  1989). 

Modern  farmers  of  the  Otora  tributary  of  Moquegua  also  use  a unit  of 
land  known  as  the  tupu  as  the  standard  unit  of  measurement  for  irrigation 
purposes  today.  Each  tupu  is  equivalent  to  1/3  hectare  and  requires  two  hours 
of  irrigation  water  to  cultivate.  The  crop  being  cultivated  determines  the 
periodicity  of  irrigation,  which  generally  clusters  around  every  two  weeks  for 
mature  indigenous  crops  like  corn  or  potatoes  (Dolan,  1985). 
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It  should  be  noted  that  while  the  Inka  tupu  was  a volumetric  measure  of 
food  production  needed  to  meet  the  subsistence  requirements  of  an  individual, 
the  modern  tupu  is  a device  for  measuring  area.  Thus  certain  caveats  must  be 
realized  when  equating  these  terms  (Rostorowski,  1977).  The  Inka  tupu  has 
been  equated  to  roughly  1.5  Spanish  fanegas,  or  approximately  75  liters  of 
grain  (de  la  Vega,  1989;  Van  Buren,  1993)  for  the  Cuzco  region.  If  we  assume 
that  similar  environments  and  similar  crop  repertories  have  similar  yields  within 
the  same  ecozone,  we  can  equate  the  tupu  with  a unit  of  area  without  failing  to 
acknowledge  its  original  meaning  as  a volumetric  measure  of  food. 

The  contemporary  Otora  irrigation  scheduling  and  the  role  of  the  tupu 
within  this  scheduling  can  serve  as  a modern  analogy  for  past  production. 

Within  this  framework,  the  two  week  irrigation  cycle  reinforces  the  importance  of 
the  ratio  of  discharge  capacity  of  the  mother  canal  to  irrigated  area.  A canal 
with  a low  discharge  capacity  which  can  only  irrigate  1 tupu  at  a time  has  a 
maximum  production  area  of  168  tupus,  or  56  hectares  (14  days  x 24  hours  x 
0.5  tupus  per  hour),  while  larger  canals  which  have  the  discharge  capacity  to 
irrigate  several  tupus  at  one  time  have  maximum  production  areas  over  1000 
tupus. 

An  understanding  of  these  irrigation  dynamics  and  the  Inka  political 
structure  which  overlies  them  is  imperative  to  addressing  the  politics  of  Inka 
agriculture  in  Moquegua.  In  fact,  it  is  through  the  analysis  of  population- 
irrigation  dynamics  that  we  can  assess  the  impact  of  Inka  imperial  conquest  on 
the  indigenous  populations  of  Moquegua. 
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Assessing  Inka  Agricultural  Productivity 

Changes  to  the  agrarian  infrastructure  by  the  Inka  in  Moquegua  can  be 
best  characterized  as  a nucleation  of  agricultural  production  in  the  central 
portion  of  the  upper  valley  from  the  dispersed  state  of  agricultural  productivity  in 
the  Estuquiha  Period.  Stanish  has  noted  that  Inka  period  agriculture  in  the 
peripheral  Otora  tributary  is  represented  by  abandonment  of  hillside  terrace 
systems  and  contraction  to  the  confines  of  the  valley  bottom  (Stanish,  1985). 
This  example  of  contraction  has  served  as  the  model  for  Inka  agricultural 
impacts  in  other  tributaries  of  the  Moquegua  drainage,  but  analysis  from  a 
hydraulic  and  economic  perspective  suggests  that  the  Otora  contraction  was 
part  of  a larger  Inka  resettlement  plan  which  focused  indigenous  production  on 
large  irrigation  systems  which  flanked  the  primary  Inka  road  in  the  valley  and 
centered  on  the  slopes  above  the  state  administrative  center  at  Sabaya. 

Evidence  for  this  nucleation  of  settlement  and  agriculture  takes  various 
forms.  In  the  Otora  valley,  a peripheral  area  where  we  would  expect  to  see  the 
emigration  of  settlers  to  the  Torata  Valley,  the  hilltop  site  of  Colana  and  its 
associated  agricultural  system  are  abandoned  (Stanish,  1985).  Other  high 
contour  canals  are  also  abandoned  and  agriculture  drops  to  the  valley  bottom 
within-the  confines  of  modern  cultivation. 

Closer  to  Torata,  the  settlement  of  Cerro  Huayco  is  also  most  likely 
abandoned.  The  principle  canal  which  leads  to  this  settlement  is  cut  by  a flight 
of  terraces  from  the  higher  Camata  irrigation  system  well  before  it  reaches  the 
settlement  and  the  large  tracts  of  cultivation  terraces  which  surround  it.  This 
particular  restructuring  is  rather  significant  since  the  Camata  system  is  also  the 
irrigation  network  which  is  primarily  affiliated  with  the  Inka  road  and  the  Inka 
Tambo  (Matthews,  1989). 
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Figure  6-2:  Sketch  plan  of  the  site  of  Lamasana  from  author’s  field  work. 


Across  the  valley  from  Cerro  Huayco  to  the  northwest  lies  a ridge  which 
has  not  yet  been  subjected  to  systematic  archaeological  survey. 
Reconnaissance  of  this  ridge  in  association  with  the  study  of  Moquegua 
hydraulic  systems  indicates  that  a unique  settlement  is  situated  just  above  a 
canal  which  irrigates  a number  of  well  preserved  terrace  sections  on  this  ridge. 
The  settlement  of  Lamasana,  on  the  ridge  of  the  same  name,  contains  a row  of 
rectilinear  rooms  flanked  by  a large  rectilinear  structure  and  surrounded  by  a 
low  rectangular  wall.  This  architectural  pattern  is  unique  to  the  indigenous 
architecture  of  the  upper  Moquegua  valley,  yet  it  strongly  resembles  Inka 
settlements  of  the  Arequipa  region,  200  kilometers  to  the  North  (Oquiche  and 
Cardona,  1993). 

Other  Inka  sites  are  found  near  the  modern  city  of  Moquegua,  but  the 
vast  concentration  of  Inka  remains  center  on  the  Torata  and  Chujulay  rivers 
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where  the  modern  road  to  Puno  follows  its  Inka  counterpart.  In  the  Torata 
Valley,  the  administrative  center  of  Sabaya  housed  kancha  and  kallanca 
structures  of  typical  Inka  form  (Burgi,  1993).  On  the  other  side  of  the  Torata 
river  below  the  small  Estuquiha  settlement  of  Villa  Cuajone  and  next  to  the 
larger  Estuquiha  settlement  of  San  Antonio,  the  late  Inka  or  early  Spanish 
colonial  town  of  Torata  Alta  graces  the  southern  slopes  of  the  Torata  Valley. 

The  location  of  these  sites  and  the  large  irrigation  systems  which  surround  them 
support  the  nucleation  hypothesis. 

Nucleation  was  probably  possible  due  to  a pluvial  period  which  began  at 
the  end  of  the  fifteenth  century  A.  D.  Discharge  levels  exceed  240  million  cubic 
meters  annually  every  decade  after  1500  A.  D.  before  the  Spanish  conquest, 
representing  an  increase  of  twenty  to  thirty  percent  more  precipitation  available 
to  Inka  cultivators  than  in  the  Estuquiha  Period.  This  wetter  trend  accelerates 
as  time  goes  on,  and  peaks  in  the  Spanish  Colonial  Period.  Nucleation 
specifically  took  advantage  of  increased  discharge  in  the  Chujulay  and  Torata 
Valleys  to  expand  irrigated  land  in  the  prime  maize  growing  zones  of  the  valley. 
Despite  the  wetter  conditions  prevalent  through  much  of  the  Spanish  Colonial 
era,  the  large  Inka  irrigation  systems  did  not  continue  to  be  cultivated. 

Canals  excavated  as  part  of  the  hydraulic  study  indicate  that  the  large 
irrigation  systems  of  Camata,  Villa  Cuajone,  and  Lamasana  were  all  abandoned 
shortly  before  the  1600  A.  D.  eruption  of  Huayna  putina;  they  were  most  likely  in 
use  throughout  the  Inka  era.  While  this  evidence  does  not  preclude  their  use  in 
the  Estuquiha  Period,  a population-subsistence  analysis  of  Estuquiha  and  Inka 
Period  settlements  and  agricultural  works  clarifies  which  systems  belong  to 
which  period. 

Eight  settlements  and  their  associated  irrigation  systems  were  analyzed 
to  determine  which  were  capable  of  the  surplus  production  capacity  needed  by 
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the  Inka  state.  Settlements  were  chosen  based  on  the  clear  association  with 
well  preserved  abandoned  irrigation  systems  that  were  associated  with  only  the 
Estuquina  or  Inka  Periods.  This  method  ensures  that  the  one  settlement  - one 
field  system  ratio  will  be  an  accurate  reflection  of  past  subsistence  activity. 

Based  on  the  previously  elaborated  dating  criteria,  the  systems  of  Lamasana, 
Villa  Cuajone,  and  Camata  are  hypothesized  to  be  constructed  or  vastly 
expanded  in  inka  times. 

Subsistence  needs  are  calculated  for  each  settlement  based  on  the 
number  of  architectural  households  at  the  site.  Average  household  composition 
is  estimated  as  a couple  with  two  male  and  two  female  family  members.  Based 
on  this  composition,  Inka  calculations  of  family  subsistence  needs  would  be  4 
tupus  (de  la  Vega,  1966).  Settlement  population  subsistence  needs  for 
maximum  occupation  are  calculated  by  multiplying  the  total  number  of 
architectural  households  by  4 tupus.  This  figure  is  then  compared  to  the 
maximum  cultivated  area  for  the  irrigation  system  associated  with  the  settlement 
and  surplus  production  capacities  are  calculated  as  the  difference  between 
cultivable  area  and  subsistence  needs  (see  Figure  6-3). 

The  results  of  the  analysis  are  compelling.  All  three  systems 
hypothesized  to  be  constructed  for  inka  state  production,  Camata,  Lamasana, 
and  Villa  Cuajone,  have  extremely  large  surplus  production  capacities.  The  two 
settlement  and  irrigation  systems  solely  associated  with  only  Estuquina 
occupation  — Colana  and  Cerro  Huayco  — have  nearly  matching  production 
and  population  capacities.  San  Antonio  is  associated  with  an  irrigation  system 
functioning  today  and  its  inhabitants  may  have  been  untilized  to  construct  and 
farm  the  large  Villa  Cuajone  system  which  lies  just  upslope  under  the  Inka.  In 
Estuquina  times,  San  Antonio  was  most  likely  associated  with  only  the  lower 
Torata  Alta  system.  The  analysis  indicates  that  this  system  would  have  just  met 
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number  of 

tup  us  in 

surplus 

labor  investment 

households 

production 

production 

per  household  (yrs) 

ESTUQUINA  PHASE  SITES 

Colana  (Stanish  1985) 

32 

134 

6 

2.63 

Cerro  Huayco  (Williams  field) 

20 

80 

0 

2.52 

San  Antonio 
(Conrad  et  al.  1989) 

60 

253 

13 

2.66 

Pukurani 

(de  Vries  et  al.  1989) 

50 

200 

0 

2.52 

INKA  PHASE  SITES 

Camata 

70 

705 

425 

6.30 

(Guillaume-Gentil  1993) 

Lamasana  (Wiliams  fieldwork) 

10 

336 

296 

18.65 

El  Corralon 
(Ribeiro,  1996) 

10 

130 

40 

8.19 

Torata  Alta/San  Antonio 

70 

425 

130 

7.50 

(Conrad  et  al.  1989;  Van  Buren,  1993) 
Villa  Cuajone  (Wiliams  fieldwork) 

Figure  6-3:  Estimated  production  capacities,  surplus  production,  and  labor  investment 
requirements  for  Estuquifta  and  Inka  Phase  sites  in  the  upper  valley. 

the  subsistence  requirements  of  a fully  occupied  San  Antonio  village.  Pukurani, 

which  is  an  Estuquina  settlement,  is  abandoned  during  the  Inka  occupation. 

Inka  settlement  on  the  Pampa  Colabaya  at  El  Corralon  by  Inka  phase  peoples 

may  indicate  usurpation  of  the  Pampa  Colabaya  for  surplus  production  (Ribeiro, 

1996).  The  data  clearly  indicate  that  Estuquina  period  settlements  were 

subsistence  producers,  and  those  indigenous  peoples  that  lived  under  Inka 

domination  were  producing  far  more  agricultural  products  than  their 

predecessors. 

An  analysis  of  per  capita  labor  costs  required  to  construct  each  agrarian 
system  reveals  the  organizational  needs  of  each  system.  These  labor  estimates 
are  based  only  on  terrace  construction  cost  and  do  not  include  investment  in 
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irrigation  canals.  The  time  estimates  rely  on  area  extents  of  each  system  and 
sampled  terrace  densities  from  maps  of  30  percent  of  these  areas.  Labor  input 
is  assumed  to  be  43  man-days  for  each  100  meter  long  by  3 meter  wide  by  2 
meter  high  terrace  construction  (Guillet,  1987).  This  figure  is  in  accord  with 
Moquegua  farmers  who  contend  that  a 1.5  meter  high  by  5 meter  long  terrace 
can  be  constructed  in  two  man-days. 

The  figures  represent  the  number  of  years  it  would  take  to  construct  the 
irrigation  system  if  each  household  in  the  associated  settlement  contributed  the 
labor  of  one  man  for  every  day  of  the  year.  Those  systems  associated  with  Inka 
Phase  sites  demanded  a higher  labor  investment  per  person  than  the  Estuquiha 
sites.  These  higher  values  reflect  supra-community  resources  that  would  have 
been  required  to  build  the  Inka  agrarian  infrastructure.  Likewise,  maintenance 
of  the  Inka  systems  would  have  required  a proportionally  larger  annual  labor 
investment  as  compared  to  Estuquiha  agriculture. 

Bankfull  discharge  analysis  of  canals  excavated  from  the  Estuquiha  and 
Inka  periods  also  confirm  the  ability  of  the  Inka  canals  to  irrigate  the  greater 
amounts  of  land  while  canals  associated  with  only  Estuquiha  settlements  have 
much  lower  discharge  capacities,  testifying  to  their  lower  production  standards. 
Both  the  Camata  and  Villa  Cuajone  canals  had  discharge  capacities  of  over  500 
liters -per  second,  while  the  Cerro  Huayco  canal  discharges  only  130  liters  per 
second.  Thus,  irrigation  systems  associated  with  settlements  with  Inka 
components  have  hydraulic  systems  with  much  larger  discharge  capacities, 
larger  terraced  areas,  and  much  greater  per  capita  production  capacities  than 
their  Estuquiha  counterparts.  These  increases  in  canal  discharge  may  have 
only  been  possible  with  the  increase  in  precipitation  which  occurred  at  the  end 
of  the  fifteenth  century  A.  D. 
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The  nucleation  and  expansion  of  terrace  systems  under  Inka  domination 
drastically  increased  water  use  in  the  upper  sierra  and  land  under  production 
valley-wide  during  this  era.  Estuquina  cultivation  in  the  upper  valley  probably 
reached  nearly  1500  hectares  at  its  height,  with  a water  utilization  rate 
corresponding  to  74  million  cubic  meters  of  humid  basin  discharge.  During  the 
Inka  Period,  upper  valley  irrigation  systems  reached  a maximum  of  2200 
hectares  of  cultivated  terraces  with  a water  cost  of  103  million  cubic  meters,  an 
increase  of  over  25  percent  from  the  Estuquina  period.  It  is  likely  that  middle 
valley  agriculture  may  have  experienced  a slight  increase  in  area  under 
production  during  the  Inka  Period  as  well,  although  not  nearly  as  large  as  in  the 
upper  valley. 

Thus,  land  under  irrigation  agriculture  during  the  Inka  Period  probably 
approached  4000  hectares  valley  wide,  and  the  water  needed  to  irrigate  these 
systems  was  also  rather  substantial,  close  to  260  million  cubic  meters  annually. 
This  maximum  was  only  achievable  with  a drastic  increase  in  precipitation, 
which  was  manifested  by  an  increase  in  average  discharge  from  212  million 
cubic  meters  in  the  pre-state  era  (1400-1480  A.  D.)  to  240  million  cubic  meters 
in  the  Inca  imperial  era  (1480-1540  A.  D.).  It  was  not  until  the  last  few  decades 
before  Spanish  conquest  that  average  decadal  levels  of  annual  discharge 
ranged  between  250  and  270  million  cubic  meters  which  provided  the  state  with 
sufficient  water  to  irrigate  all  lands  ascribed  to  this  era. 

The  great  irrigation  systems  of  the  Inka  Period  functioned  for  less  than  a 
century  before  they  fell  into  disuse.  It  was  not  only  the  massive  Spanish 
political  restructuring  connected  with  the  granting  of  encomiendas  and  the 
resettlement  associated  with  reducciones  which  forced  these  lands  to  be 
relinquished  to  the  desert  again.  Numerous  other  convergent  catastrophes  are 
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indicated  in  the  radical  decline  of  Andean  cultivation  during  the  beginning  of  the 
Colonial  Era. 

Factors  in  the  Decline  of  Inka  Agriculture  in  Moquegua 

A precipitous  demographic  deterioration  accompanied  the  the  European 
arrival  in  the  New  World.  Even  before  Pizarro  had  arrived  in  Peru  in  1532,  a 
wave  of  epidemic  disease  had  swept  down  the  Andes  from  original  European 
contact  in  Mesoamerica,  decimating  the  population.  Smallpox  was  introduced 
to  Mexico  in  1519  and  had  reached  Peru  by  1524  (Dobyns  and  Doughty,  1976). 
Mortality  estimates  for  indigenous  American  populations  due  to  this  first 
epidemic  alone  exceed  60  percent  (Crosby,  1972).  Within  the  demographic  and 
power  vacuum  that  ensued,  insurrection  and  civil  war  ravaged  Inka  political 
structure,  making  it  particularly  vulnerable  to  foreign  conquest  (Moseley,  1992). 

Demographic  collapse  in  the  first  half  of  the  sixteenth  century  was 
accompanied  by  violent  tectonic  activity  in  Moquegua  by  the  second  half  of  the 
sixteenth  century.  Although  not  securely  dated,  a violent  earthquake  caused  a 
landslide  which  destroyed  a section  of  a the  Estuquina/lnka  llubaya  canal  near 
its  source.  A trench  excavation  through  this  canal  downstream  of  the  landslide 
indicates  that  it  was  abandoned  prior  to  the  1600  A.  D.  eruption  of  the  Huayna 
putina  Volcano,  but  was  presumably  active  during  Inka  occupation  of  the  region. 
Colonial  farmers  were  unable  to  reconstruct  the  original  canal  due  to  the  vast 
quantities  of  debris  and  were  forced  to  cut  the  canal  at  a lower  level,  losing  tens 
of  hectares  of  irrigable  land  in  the  process  (Williams,  1995). 

Pre-1600  structural  damage  is  also  noted  at  the  Inka  site  of  Camata 
Tambo.  Violent  earth  movements  toppled  architectural  features  at  the  site. 
Reconstruction  of  those  architectural  structures  were  poorly  designed  and 
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executed  as  compared  to  the  Inka  masonry  still  intact  in  much  of  the  site 
(Keefer  and  Moseley,  personal  communication  1994).  Furthermore,  the 
agricultural  system  associated  with  the  Camata  sites  may  have  suffered 
earthquake  damage  as  well.  Moseley  suggests  that  differential  terrace 
preservation  within  the  agricultural  system  may  have  been  due  to  “terrace 
liquifaction”,  a process  related  to  tectonic  activity.  Under  this  scenario,  the 
demographic  and  structural  collapse  related  to  the  Spanish  conquest  resulted  in 
partial  abandonment  of  the  Camata  agricultural  system;  only  some  terrace 
flights  were  under  irrigation  in  the  late  sixteenth  century  A.  D.  The  wet  soils  of 
these  systems  reacted  to  violent  earth  movements  as  a destabilized  gelatinous 
material  might,  while  the  abandoned,  dry  sections  of  the  system  retained  their 
shape  (Moseley,  personal  communication). 

These  convergent  crises  finalized  the  collapse  of  Inka  agricultural 
systems  in  the  later  sixteenth  century,  even  though  the  political  regime  had 
succumbed  to  Spanish  domination  in  1532.  The  changing  demands  for 
agricultural  products  by  the  new  imperial  overlords  insured  that  Inka  systems 
would  not  be  resurrected.  Inka  state  production  relied  on  maize  as  the 
preferred  staple  of  the  Inka  army  and  the  selected  grain  for  chicha  used  in  state 
ritual  (Matthews,  1989).  The  Catholic  Castilians,  however,  relied  on  wine  for  the 
sacraments  of  their  religious  ritual.  An  adequate  supply  of  wine  was  essential  to 
Catholic  ritual  and  to  the  objective  of  converting  the  natives  to  Catholicism  (Rice 
and  Ruhl,  1989).  Although  Inka  production  systems  were  located  in  prime 
maize  growing  areas  of  the  upper  valley  of  Moquegua,  the  premium  grape 
cultivation  ecozone  was  in  the  middle  valley.  A rapid  shift  in  agricultural  focus 
followed  the  politico-religious  emphasis  from  maize  to  grape. 
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The  New  Imperial  Order  and  Agricultural  Production 

The  primary  material  infrastructure  of  colonial  wine  production  is  the 
bodega  complex,  an  elevationally  stratified  set  of  tanks  and  courtyards  which 
utilize  gravity  in  the  several  step  manufacturing  process.  Over  120  of  these 
complexes  have  been  archaeologically  identified  in  the  valley  by  the  Moquegua 
Bodegas  Project,  The  distribution  of  these  bodega  complexes  indicates  that 
intensive  use  was  made  of  the  middle  valley  during  the  colonial  era  (Rice  and 
Ruhl,  1989). 

The  lowest  room  in  the  complex  contains  the  storage  jars,  or  tinajas , and 
represents  the  final  stage  of  the  production  process.  Tinajas  are  excellent 
material  markings  of  production  activity  within  a temporal  framework  since  the 
date  of  manufacture  is  inscribed  on  the  jar.  An  analysis  of  the  distribution  of 
date  inscriptions  on  tinajas  reflects  the  intensity  of  wine  production  in  the  valley 
during  the  Colonial  Period.  Of  the  379  inscriptions  recorded  as  part  of  the 
Moquegua  Bodegas  Project  directed  by  Prudence  Rice,  over  60  percent  fell 
within  the  time  frame  1750-1799.  Twelve  percent  fell  in  the  fifty  years  before 
that  period,  while  almost  25  percent  fell  in  the  first  half  of  the  nineteenth  century. 
Although  dates  on  tinajas  ranged  from  1540  to  1866,  it  is  clear  that  Moquegua 
had  not  reached  maximum  wine  production  capacity  until  200  years  after 
Spanish  conquest  (Rice  and  Ruhl,  1989). 

The  bodega  survey  analysis  conducted  by  Rice  and  Ruhl  indicates  that 
the  development  of  Moquegua  as  a viticulture  center  was  a slow  process.  The 
pre-1600  abandonment  of  the  upper  valley  Inka  systems  in  conjunction  with  the 
slow  development  of  grape  cultivation  in  the  middle  valley  lead  to  a vast 
underutilization  of  agricultural  resources  between  circa  1550  A.  D and  1750  A. 

D.  The  collapse  of  indigenous  population  levels  and  political  structures  certainly 
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contributed  to  the  situation,  but  in  addition  to  the  fledgling  wine  industry  in  the 
middle  valley,  both  the  upper  valley  and  the  coastal  valley  were  cultivated  on  a 
small  scale  as  well. 

Torata  continued  to  serve  as  a maize  production  zone  under  the  Royal 
Encomienda  of  the  Lupaqa  in  the  early  colonial  period.  Lupaqa  colonies  such 
as  Torata  Alta  were  in  a unique  position  under  the  Spanish  administration  since 
they  were  not  held  in  encomienda  by  a Spanish  overlord,  but  were  beholden  to 
the  Lupaqa,  an  indigenous  polity  placed  directly  under  the  control  of  the 
Spanish  crown.  The  colonial  situation  allowed  residents  of  the  Lupaqa  affiliated 
sierra  communities  to  negotiate  a favorable  position  in  the  new  order  (Van 
Buren,  1993). 

In  the  coastal  valley,  production  focused  on  the  cultivation  of  the  olive. 
The  olive  was  first  introduced  to  Peru  in  1550  and  planted  in  the  Moquegua 
area  by  1600  according  to  archaeological  evidence  from  Carrizal  (Clement  and 
Moseley,  1991).  Floodplain  farming  in  the  coastal  valley  may  have  revived  after 
the  long  drought.  In  the  spring  systems  to  the  north  of  the  valley,  new 
agricultural  fields  are  introduced  at  an  elevation  of  200  meters,  representing  the 
fluorescence  of  a new  spring  source  100  meters  above  the  prehispanic  and 
modern  water  table  (Williams,  1993). 

* This  rejuvenation  of  coastal  agriculture  was  a result  of  the  depopulation 
and  agrarian  collapse  in  the  upper  and  middle  valley  which  allowed  more  water 
to  flow  to  the  coast,  but  it  was  also  aided  by  the  large  precipitation  increases 
between  1550  and  1700  A.  D.  During  this  period,  average  annual  discharge 
from  the  humid  basin  was  nearly  300  million  cubic  meters,  greater  than  any 
previous  decadal  rainfall  average  in  the  1000  years  prior  to  this  point.  The 
underutilized  hydraulic  resources  recharged  the  aquifer  that  fed  the  coastal 
springs  and  brought  quantities  of  water  to  the  fields  of  the  coastal  valley. 
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The  aftermath  of  Spanish  conquest  so  destroyed  indigenous  society  that 
despite  the  most  favorable  natural  conditions  for  agriculture  in  at  least  the  last 
millennium,  agrarian  economies  were  underproductive,  small-scale  enterprises. 
By  the  time  the  viticulture  industry  in  Moquegua  reached  its  zenith,  climatic 
conditions  had  significantly  worsened;  average  annual  discharge  for  the  Late 
Colonial  Period  (1700-1820  A.  D.)  fell  to  just  over  200  million  cubic  meters. 
While  the  wine  industry  weathered  the  drought  fairly  well,  the  convergent 
catastrophes  of  earthquakes,  war,  and  phylloxera  caused  a rapid  collapse  of 
Moquegua  viticulture  toward  the  end  of  the  nineteenth  century  A.  D.  (Rice  and 
Ruhl,  1989). 


CHAPTER  7 


UNDERSTANDING  THE  EVOLUTION  OF  COMPLEXITY  IN  RELATION  TO 
THE  PUNCTUATED  EQUILIBRIUM  MODEL 

Agrarian  development  does  not  occur  in  a vacuum.  It  is  conditioned  by 
both  natural  and  social  contexts.  This  analysis  of  the  development  of 
agriculture  reveals  a highly  dynamic  system  of  land  use  in  which  natural 
hazards  have  played  a profound  role.  Yet  it  is  the  social  vulnerability  to  both 
naturally  and  culturally  created  hazards  that  has  been  most  influential  in  the 
long  term  evolution  of  agriculture  and  society  in  the  Andean  sierra. 

In  Moquegua,  disaster  and  vulnerability  have  played  a major  role  in 
determining  the  nature  of  cultural  evolution.  Beginning  with  the  first  Tiwanaku 
influence  in  the  valley  at  or  before  500  A.  D.,  the  seeds  for  future  developments 
were  being  planted.  The  Tiwanaku  Omo  phase  was  characterized  by  colonial 
outposts  of  the  Tiwanaku  polity  who  probably  co-existed  with  the  native 
Huaracane  populations.  The  primary  purpose  of  the  Tiwanaku  colony  seems  to 
have  been  to  produce  agricultural  products  for  the  heartland.  The  Omo  colony 
was  both  technologically  and  organizationally  vulnerable  to  disaster  in  general 
and  to  drought  hazards  in  particular.  Their  agricultural  systems  were  simple 
compared  to  later  terrace  technologies.  As  natives  of  the  flat  altiplano,  they  did 
not  have  a great  deal  of  experience  in  taming  the  rugged  sierra  for  cultivation. 
They  farmed  the  gently  sloping  areas  of  the  middle  valley.  As  a result,  they 
were  less  efficient  water  users  than  farmers  of  the  high  sierra  would  have  been, 
and  their  agricultural  systems  were  more  vulnerable  to  drought  or  to  increases 
in  upstream  water  use  than  later  farmers  in  the  valley. 
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Organizationally,  they  were  also  vulnerable  to  severe  stress.  The  status 
hierarchy  in  the  colony  was  predicated  on  supra-local  power  structures.  The 
dependence  of  the  Omo  colony  on  a distant  center  which  may  not  have 
understood  the  local  situation  nor  respond  rapidly  to  a crises  that  was  so  far 
removed  from  the  heartland  was  certainly  a detriment  is  a disaster  context.  The 
colonists  were  also  maintaining  an  ethnic  affiliation  with  the  altiplano  and 
maintained  their  ties  to  that  region  rather  than  developing  an  allegiance  to  the 
sierra  as  their  homeland.  Thus,  when  crisis  struck,  they  were  unlikely  to  receive 
the  support  they  would  need  to  address  the  problem,  and  were  probably  not 
motivated  to  stick  around  in  a trouble-ridden  foreign  land. 

The  decadal  droughts  of  the  late  6th  and  early  7th  centuries  in 
conjunction  with  the  Wari  intrusion  into  the  upper  Moquegua  Valley  provided  the 
impetus  for  the  crisis  that  was  to  follow.  Faced  with  declining  precipitation  and  a 
possibly  hostile  upstream  neighbor  who  was  at  least  partially  responsible  for  the 
lack  of  irrigation  waters,  the  Omo  colonists  were  forced  to  starve,  fight,  or  flee. 
The  latter  appears  to  have  been  the  course  of  action  they  chose. 

The  results  of  this  disaster  had  lasting  impacts  on  the  development  of 
agriculture  in  the  Moquegua  drainage,  and  in  the  Andes  in  general.  The 
introduction  of  high  altitude  terrace  farming  to  much  of  Peru  was  founded  on  the 
expansion  of  the  Wari  polity.  Their  adaptive  success  in  Moquegua  left  a visual 
token  of  their  taming  of  the  rugged  sierra,  hectares  of  terraced  land  and  a site 
which  dominated  the  most  prominent  peak  of  the  valley.  Clearly,  Wari 
agricultural  technology  and  the  proof  that  it  could  be  successfully  enacted  was 
influential  in  the  future  agrarian  systems  of  regional  development  and  the  Inka 
economy  as  well. 

While  the  collapse  of  the  Wari  colony  in  Moquegua  is  still  poorly 
understood,  it  may  have  been  tied  to  decisions  taking  place  in  the  imperial 


144 


capital.  Future  investigations  in  Moquegua  and  in  the  Ayacucho  heartland  will 
be  necessary  to  assess  the  reasons  for  Wari  withdrawal  from  Moquegua.  The 
following  re-occupation  of  Moquegua  by  the  Tiwanaku  state  reflects  several 
organizational  changes  which  may  have  been  a response  to  the  Wari  threat. 

Instead  of  a small  colony,  the  Chen  Chen  phase  represents  the 
integration  of  Moquegua  into  the  Tiwanaku  sphere  as  an  administered 
periphery.  Centralization  of  local  control  seems  to  have  been  an  important 
aspect  of  the  reorganization  of  Moquegua,  a factor  which  stands  in  contrast  to 
the  centralization  of  global  control  that  was  occurring  within  the  Titicaca 
heartland.  The  appearance  of  centralized  storage  facilities  at  the  site  of  Chen 
Chen  is  also  indicative  of  the  new  political  structure.  However,  economic 
dependence  of  Moquegua  households  on  altiplano  institutions  was  probably 
even  more  important  than  it  had  been  in  the  Omo  Phase. 

Technologically,  Chen  Chen  Phase  agriculture  was  similar  to  that  of  Omo. 
Terrace  technology  and  cultivation  of  the  high  sierra  has  not  been  documented. 
Thus,  many  of  the  same  technological  vulnerabilities  inherent  in  Omo  Phase 
systems  were  even  more  pronounced  in  the  expanded  systems  of  the  Chen 
Chen  Phase.  There  was,  however,  a slight  movement  upstream,  and  agrarian 
expansion  occurred  at  the  valley  constriction  near  1500  masl.  Thus,  control  of 
middle  valley  irrigation  was  in  the  hands  of  the  state. 

The  scenario  of  upstream  development  combined  with  decreased  rainfall 
which  characterized  the  transition  from  Omo  to  Wari  does  not  seem  as 
applicable  to  the  end  of  Chen  Chen.  Rather,  I argue  that  local  factions  were 
developing  in  response  to  the  high  degree  of  economic  interdependence  being 
forced  on  them  by  the  state.  Control  of  water  resources  may  have  been 
usurped  by  these  splinter  groups;  the  local  government  may  have  been 
significantly  weakened  by  this  point,  and  the  altiplano  capital  may  have  become 
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too  centralized  or  bureaucratized  to  effectively  respond  to  the  factionalization 
occurring  within  the  province.  Thus,  a social  disaster  arising  from  conflict  over 
control  of  the  means  of  production  may  have  been  the  impetus  for  the  collapse 
of  the  Tiwanaku  provincial  government. 

The  following  Tumilaca  Phase  was  an  outgrowth  of  the  factionalization 
movement  within  the  collapse  of  state  control  of  the  region.  While  many  of  the 
social  structures  and  organizational  features  which  characterized  the  Tiwanaku 
state  occupation  of  the  region  remained  intact,  the  centralized  control  had 
disappeared.  In  fact,  there  seem  to  have  been  at  least  4 distinct  groups,  or 
focus  regions  in  the  valley  at  this  time.  Defensive  fortifications  at  Tumilaca  sites 
suggest  conflict  may  have  played  a role  in  inter-group  relations.  Iconographic 
diversification  between  the  different  zones  also  lends  support  to  the  hypothesis 
that  fragmentation  and  lack  of  integration  characterized  Tumilaca  society. 
External  influence  or  over-centralization  were  probably  not  organizational 
vulnerabilities  of  Tumilaca  society.  However,  the  low  value  consensus  inferred 
from  the  archaeological  data  may  have  contributed  to  the  inability  of  Tumilaca 
people  to  respond  to  declining  water  resources  and  the  growth  of  their  coastal 
neighbors,  the  Chiribaya. 

The  rise  of  Chiribaya  dominance  in  the  valley  was  heralded  by  two 
trends:  a population  explosion  within  Chiribaya  culture  and  the  emergence  of  a 
stratified  class  of  elites.  The  Chiribaya  do  not  appear  to  have  been  heavily 
centralized,  and  traditional  authority  may  not  have  been  effective  in  crisis 
situations.  Status  was  legitimized  through  excessive  personal  adornments  and 
fine  craft  goods  such  as  gold.  Because  of  the  declining  resource  base 
associated  with  the  long  drought,  this  heavy  reliance  on  craft  specialization  may 
have  over-burdened  the  Chiribaya  political  structure.  Without  a secure  source 
of  status  goods,  the  elites  would  have  lost  legitimacy  to  rule. 
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Chiribaya  agriculture  was  also  technologically  vulnerable  to  drought. 

They  farmed  the  most  distal  portions  of  the  valley  irrigation  system.  Although 
they  established  colonies  in  the  upper  part  of  the  drainage  in  later  times,  it  was 
not  sufficient  to  counteract  the  effects  of  an  increasingly  severe  centuries-long 
drought  which  was  plaguing  the  Andes  at  the  time.  The  crowning  achievement 
of  the  coastal  irrigation  system,  the  long  Osmore  canal,  traversed  the  steep 
slopes  of  the  coastal  valley.  In  times  of  El  Nino  rainfall,  the  canal  was  extremely 
vulnerable  to  burial  by  precipitation-induced  mudslides.  Thus,  Chribaya 
agricultural  economy  was  very  vulnerable  to  both  drought  and  El  Nino  rains, 
phenomenon  which  have  been  documented  as  peaking  simultaneously  at  the 
end  of  the  Chiribaya  reign.  While  marine  resources  probably  played  an 
increasingly  important  role  in  subsistence  towards  the  end  of  the  Chiribaya 
reign,  I argue  that  the  lack  of  agricultural  products  important  in  ritual,  such  as 
coca,  would  have  devastated  Chiribaya  social  order.  Thus,  the  reliance  on  a 
vulnerable  agricultural  system  for  products  that  legitimized  social  hierarchy  may 
have  triggered  the  downfall  of  the  Chiribaya  and  ushered  in  Estuquina  influence 
on  a valley-wide  scale. 

In  many  ways,  Estuquina  represents  a return  to  community  autonomy 
and  a less  complex  organizational  system.  The  defensive  nature  of  settlement 
is  more  pronounced  in  this  time  period  than  any  other  in  the  Moquegua 
drainage.  Yet,  the  establishment  of  new  trade  networks  between  highland  and 
coast  and  a very  similar  material  culture  argue  for  some  greater  degree  of 
valley-wide  integration,  although  probably  not  on  a political  level.  While  the 
development  of  an  incipient  elite  may  have  been  in  progress,  there  is  not  a 
great  deal  of  evidence  for  pronounced  social  stratification.  Estuquina  social 
organization  was  probably  highly  adaptive  to  drought.  Communities  relied  on 
their  own  self-sufficient  farms  for  their  subsistence  needs,  and  through  trade 
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were  able  to  diversify  their  resource  base  to  include  marine  resources. 
Communication  problems,  external  sources  of  authority,  over-centralization,  and 
an  overdeveloped  bureaucracy  were  not  social  vulnerabilities.  In  times  of 
drought  and  resource  stress,  Estuquina  social  organization  would  have  and  did 
effectively  respond  to  crisis. 

The  agricultural  technology  employed  by  Estuquina  also  was  appropriate 
in  a drying  environment.  Fields  are  pushed  to  their  elevational  limits,  utilizing 
water  most  efficiently,  and  supporting  a greater  number  of  people  per  water 
expenditure  than  any  previous  occupation  of  the  valley.  The  elaboration  of 
terrace  technology,  which  conserves  soil  and  uses  water  more  efficiently  than 
floodplain  farming  further  increased  yield  per  water  input.  Thus,  the  Estuquina 
were  both  technologically  and  socially  well  prepared  to  meet  the  challenges  that 
the  natural  environment  presented  them.  However,  resource  stress  may  also 
encourage  the  development  of  more  complex  social  systems,  even  expansive 
states.  Despite  their  adaptive  success  to  the  natural  environment,  the 
Estuquina  were  vulnerable  to  conquest  by  larger  polities,  especially  since  there 
was  no  apparent  political  structure  above  the  community  level.  The  Inka 
conquest  of  Moquegua  was  therefore  a relatively  brief  affair. 

Inka  administration  of  its  Moquegua  province  nucleated  agricultural  land 
in  the  upper  valley,  expanding  on  the  agrarian  works  of  the  Estuquina.  These 
expanded  systems  were  designed  to  produce  a surplus  for  the  state;  a surplus 
which  was  stored  in  the  qollqa , or  storehouses,  prominently  displayed  on  the 
Camata  hillside.  Inka  economy  relied  on  an  advanced  organizational  structure 
and  on  a sufficient  labor  pool  to  produce  the  food  surplus  which  financed  state 
activities.  The  labor  tax  supplied  the  Inka  state  with  all  its  revenue.  The 
reliance  on  labor  and  an  organizational  structure  for  administering  that  labor  for 
the  maintenance  and  production  of  the  Inka  terrace  proved  to  be  its  most 
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vulnerable  aspect.  When  the  Spanish  arrived  in  the  New  World,  they  brought 
with  them  epidemic  disease  which  decimated  the  labor  force  needed  to  run  the 
Inka  agricultural  systems.  They  also  undermined  the  Inka  organizational 
structure  by  resettling  the  population  from  dispersed  settlements  to  reducciones. 
Earthquakes,  landslides,  and  volcanic  eruptions  completed  the  agrarian  collapse 
by  destroying  the  agricultural  infrastructure  of  the  Inka  systems.  The  Inka  could 
probably  have  mustered  the  resources  to  survive  the  natural  hazards  were  it  not 
for  the  wholesale  destruction  of  their  populace  and  organizational  structure  by 
the  Spaniards. 

Disaster  impact  destabilizes  the  established  order  within  a social  system, 
creating  an  atmosphere  in  which  the  introduction  of  new  organizational  forms 
and  changes  in  the  system  hierarchy  are  necessary  prerequisites  to  re- 
establishing a semblance  of  stability  within  the  system.  While  social  systems 
are  never  static,  they  are  normally  represented  by  a continuity  in  meaning 
between  past  and  present.  The  security  of  the  link  between  past  and  present 
introduces  an  element  of  conservatism  into  society  which  strives  to  maintain  the 
status  quo.  There  are  always  forces  acting  for  change  within  the  system,  but 
the  changes  that  take  place  due  to  these  forces  are  most  often  gradually 
implemented  as  the  idea  becomes  integrated  into  the  continuity  of  meaning. 
Disasters  represent  a violent  rupture  in  the  ideological  order;  they  are  events 
that  transcend  established  concepts  of  what  has  been  or  what  could  be.  In 
essence,  they  break  the  continuity  of  meaning  that  characterizes  normalcy.  In 
doing  so,  disasters  act  as  catalysts  for  extreme  social  and  technological 
restructuring  as  people  attempt  to  cope  with  a new  realization  of  their  world. 

Vulnerability  to  disaster  can  be  measured  on  both  a technological  and 
organizational  level.  From  a technological  standpoint,  one  can  investigate  the 
relationship  between  the  economic  infrastructure  and  the  hazards  that  threaten 
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it.  A failure  of  the  economic  infrastructure  will  deprive  people  of  the  basic 
necessities  of  life:  food,  shelter,  clothing.  In  so  doing,  it  creates  secondary 
disasters  such  as  famine,  disease  epidemics,  and  death  which  directly  threaten 
the  social  order.  Technological  vulnerability  in  Moquegua  has  been  most 
pronounced  in  relation  to  drought,  earthquakes,  and  severe  coastal  flooding. 
Both  the  Omo  and  Chiribaya  polities  were  vulnerable  to  drought  since  their  main 
subsistence  base  was  located  in  the  middle  and  coastal  valley,  while  they  had 
neighbors  competing  for  water  resources  located  upstream  in  the  guise  of  Wari 
and  Estuquina  cultures.  When  precipitation  levels  decreased,  both  lower  valley 
floodplain  agriculture  societies  bore  the  weight  of  the  drought  and  the  upstream 
water  use  by  the  competing  polities  eventually  contributed  to  the  collapse  of 
their  respective  dominions. 

El  Nino  flooding  also  contributed  to  the  collapse  of  the  Chiribaya.  The 
coastal  oriented  society  was  especially  prone  to  this  phenomenon  which 
drastically  effects  elevations  below  1000  meters  in  strong  ENSO  years.  Mud 
slides  from  the  steep  valley  and  coastal  slopes  buried  settlements  and  wiped 
out  irrigation  canals  and  fields.  The  immediate  hazard  of  earth  movement  was 
probably  a result  of  convergent  natural  events:  tectonic  movements  which 
destabilized  materials  on  the  slopes  and  heavy  rains  which  transformed  those 
loose  materials  into  walls  of  earth.  Since  the  drought  had  already  significantly 
weakened  the  production  standards  and  the  institutions  supported  by  agrarian 
pursuits,  Chiribaya  society  was  in  a particularly  vulnerable  position  when  the 
Miraflores  catastrophe  struck. 

Tectonic  activity  is  also  indicated  in  the  fall  of  Inka  agricultural  systems. 
While  the  demographic  collapse  and  resettlement  policies  of  Spanish 
colonialism  certainly  had  profound  negative  effects  on  native  societies, 
convergent  natural  hazards  such  as  the  eruption  of  the  Huayna  Putina  volcano 
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and  the  earthquakes  which  accompanied  it  certainly  contributed  to  the  demise 
of  Inka  agricultural  works.  In  Moquegua,  tectonism  is  implicated  in  the  landslide 
which  rendered  the  llubaya  canal  inoperable.  Although  the  canal  was  re-cut  at 
a lower  elevation,  the  impact  of  the  landslide  resulted  in  the  abandonment  of  a 
significant  portion  of  that  system’s  irrigable  area. 

Substandard  reconstruction  at  Camata  Tambo  also  attests  to  the  tectonic 
impact  and  the  reduction  in  response  preparedness  by  the  extant  population 
after  the  Spanish  conquest.  The  liquifaction  hypothesis  implies  that  a fair 
percentage  of  Camata  agricultural  fields  were  under  cultivation  prior  to  a major 
earthquake,  but  post-conquest.  If  the  liquifaction  scenario  proves  correct,  we 
can  chart  a partial  collapse  of  a major  Inka  production  system  due  to  the 
Castilian  conquest  and  the  ills  brought  with  it.  The  final  abandonment  of  the 
system,  however,  may  have  been  brought  about  by  major  earth  movements  and 
the  inability  of  the  weakened  populations  and  their  organizational  structures  to 
mount  an  effective  response. 

While  convergent  catastrophes  and  extenuating  events  can  overwhelm 
even  well-prepared  societies’  capability  to  respond  effectively,  social 
vulnerability  determines  the  magnitude  of  an  event  that  will  have  a disastrous 
impact.  Particular  organizational  forms  are  inherently  vulnerable  to  impaired 
response.  Organizational  structures  which  rely  heavily  on  geographically 
external  authority  for  direction  are  less  likely  to  respond  effectively  to  a disaster 
situation.  Such  was  apparently  the  case  in  both  the  Omo  and  Chen  Chen 
collapses.  Over-dependence  on  external  authority  may  also  be  indicated  by 
future  investigations  of  Wari  withdrawal  from  Moquegua. 

The  development  of  extreme  centralization  or  over-extensive 
bureaucracies  can  also  impede  disaster  response.  The  former  probably 
contributed  to  the  Chen  Chen  collapse  as  the  heartland  witnessed  the 
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abandonment  of  secondary  centers  in  favor  of  a larger  capital  with  more  direct 
control  over  agricultural  production  concurrent  with  the  Chen  Chen  occupation 
of  Moquegua. 

Low  value  consensus  among  afflicted  populations  is  also  a factor  in 
social  vulnerability.  I have  argued  this  may  have  played  a major  role  in  the 
subsidence  of  Tumilaca  culture  and  the  rise  of  Chiribaya  influence.  The 
divergence  of  iconography  on  ceramics  between  the  different  Tumilaca  foci  is  a 
strong  material  reflection  of  the  low  degree  of  cultural  integration  among  these 
groups.  Competition  for  water  and  the  lack  of  strong  central  authority  may  have 
been  a central  issue  in  the  fall  of  Tumilaca  society.  Unlike  the  Omo,  Wari,  Chen 
Chen,  and  Inka  imperial  intrusions,  external  influences  are  not  strongly  indicated 
in  the  collapse  of  Tumilaca.  Rather,  the  social  forces  of  change  came  from 
within  the  drainage  itself,  perhaps  from  the  coastal  Chiribaya  polity. 

The  rigidity  of  communication  networks  within  an  organizational  hierarchy 
will  also  inhibit  disaster  response.  Since  authority  is  decentralized  to  a variety 
of  emergent  groups  in  the  disaster  response  phase,  it  is  necessary  that 
communication  networks  be  flexible  to  adapt  to  this  new  temporary  power 
structure;  otherwise,  response  effectiveness  will  be  compromised.  Rigid 
communication  networks  play  a role  in  societies  with  highly  centralized  authority 
structures  whose  apex  is  located  geographically  external  to  the  afflicted  area. 

In  all  these  cases,  major  change  was  precipitated  by  the  interaction  of  social 
and  natural  environmental  agents  and  vulnerability  of  particular  social  structures 
to  those  agents. 

The  major  role  catastrophe  has  played  in  the  evolution  of  society  in  the 
Andes  should  force  us  to  evaluate  our  current  perspectives  on  agricultural 
stability  and  the  fallibility  of  national  and  global  economies.  Vulnerability  is 
inherent  in  every  agricultural  system  and  in  every  form  of  social  hierarchy.  We 
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need  to  dedicate  more  resources  to  assessing  the  hazards  that  current 
agricultural  infrastructure  and  technologies  face.  Organizational  vulnerability  of 
the  various  levels  of  social  control  must  be  evaluated  if  we  are  to  minimize  the 
effects  of  certain  future  crises.  The  archaeology  of  disaster  must  continue  to 
provide  insights  into  the  nature  of  human-environment  interaction  and  the 
particular  social  and  technological  configurations  which  have  successfully 
negotiated  dynamic  environments. 


APPENDIX  A 


ARCVIEW  PROJECT  ALGORITHMS  FOR  RECONSTRUCTING  CANAL 
COURSES  FROM  ARCHAEOLOGICAL  DATA 

This  project  incorporates  the  following  themes  into  ArcView  2 for  a study 
of  ancient  agricultural  and  irrigation  systems  in  the  Southern  Andes  of  Peru: 
aerial  photo  base  map  (image),  topography  (arc  coverage),  archaeological  sites 
(poly  coverage),  archaeological  canal  remnants  (points),  modern  agriculture 
(poly  coverage),  rivers  (line  coverage),  and  irrigation  infrastructure  of  a modern 
system  (line  coverage). 

The  project  also  includes  geographic  analysis  applications  including  a 
“Hydro”  menu  which  changes  the  topographic  coverage  into  a DEM.  It  also 
accepts  user  input  in  order  to  interpolate  between  canal  fragments  or 
extrapolate  back  to  the  linear  water  source  based  on  the  digital  elevation  model, 
assuming  an  even  slope  for  the  canal.  This  new  grid  is  converted  back  to  an 
arc  coverage  and  added  as  a theme  in  arcview  for  the  user. 

Future  stages  of  the  project  will  involve  creating  an  “extrapolate  irrigable 
area"  item  in  the  hydro  menu.  This  application  will  utilize  a DEM  and  a mapped 
or  interpolated  canal  course  as  spatial  bases  for  the  reconstruction  of  ancient 
agricultural  land  use.  The  user  will  input  the  number  of  days  in  the  irrigation 
cycle  (In  Peru,  irrigation  is  diverted  to  one  area  at  the  head  of  the  canal  and  is 
changed  daily  to  move  down  the  primary  canal.  The  cycle  is  dependent  on  the 
crop  being  irrigated  because  some  crops  require  more  water  than  others.)  The 
ami  will  then  calculate  the  spatial  extent  for  the  entire  system  of  irrigable  area. 
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This  calculation  will  be  based  on  topographic  slope,  water  discharge  based  on  a 
canal  slope  and  cross-section  area,  and  the  irrigation  cycle  period  input  by  the 
user.  This  grid  will  be  converted  into  a polygon  coverage  and  added  as  a theme 
to  the  current  view. 

The  methodology  incorporated  in  this  portion  of  this  thesis  was  designed 
to  reconstruct  the  infrastructure  of  ancient  agricultural  irrigation  systems  in  their 
totality.  The  methods  employed  to  do  so  are  fairly  accurate  models,  as  will  be 
proven  by  application  to  existing  modern  systems.  However,  these  methods  are 
based  on  some  assumptions  which  may  not  provide  accurate  results  in  all 
environments.  The  accuracy  of  the  model  is  also  dependent  on  an  informed 
user  who  will  choose  appropriate  variables  for  the  solution.  The  following  is  a 
short  synthesis  of  the  analytic  model  designed  to  inform  the  user  of  the 
strengths  and  flaws  of  this  analysis  system. 

Digital  Elevation  Model  Creation 

The  digital  elevation  models  created  by  the  ArcView  hydro  menu  are 
based  on  ARC/INFO  7.0’s  Topogrid  command.  This  command  requires  a very 
dense  contour  line  coverage  if  results  are  to  be  accurate.  The  model  tends  to 
“over smooth”  interpolated  lines  in  the  contour  coverage.  It  is  especially 
inaccurate  in  arid  areas  where  the  topography  is  highly  variable  and  many  small 
pronounced  gullies  mar  the  surface.  It  is  suggested  that  a contour  interval 
which  gives  contour  lines  no  further  apart  than  five  times  the  cell  size  be  used 
for  accuracy.  Otherwise,  one  might  consider  using  an  inverse  weighted 
distance  function  to  create  a grid  from  a set  of  xyz  points  to  incorporate  a more 
linear  and  less  smooth  DEM.  In  order  to  test  the  model,  one  might  use  the 
LATTICECONTOUR  command  to  change  the  DEM  back  into  a coverage  at  one- 
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half  the  contour  interval  of  the  input.  If  interpolated  lines  do  not  fit  the  contour 
pattern,  the  DEM  is  invalid. 

The  source  code  listed  in  the  appendix  prompts  the  user  for  a new  name 
to  give  the  DEM  when  it  is  created.  The  default  name  is  “dem”,  but  the  user 
should  choose  a unique  name  as  “dem”  is  reserved  as  a scratch  file  and  will  be 
deleted  often.  The  name  of  the  DEM  will  be  required  in  order  to  execute  the 
other  hydrology  tools. 

Interpolate  Canal  Course  Point  to  Point  (PTP) 

The  point  to  point  command  in  the  hydro  menu  is  a source  script  which 
collects  the  following  variables  input  by  the  user:  1)  a DEM  (created  by  hydro 
previously  and  chosen  through  the  Add  Theme  Dialogue  Box),  2)  the 
topographic  coverage  used  to  create  the  DEM,  3)  the  UTM  xyz  coordinates  for 
the  upper  canal  fragment  and  4)  the  UTM  xyz  coordinates  for  the  lower  canal 
fragment.  The  script  then  uses  these  variables  to  execute  several  amis.  The 
first  executed  ami  is  source!  It  creates  a new  coverage  to  the  bnd  and  tic  files 
of  the  topographic  coverage.  Using  ARC/INFO’s  GENERATE  command,  it  adds 
a point  to  the  coverage  at  the  UTM  coordinates  defined  by  the  user.  It  then 
converts  this  point  to  a grid. 

Source2.aml  conducts  the  exact  same  procedure  as  sourcel.aml,  except 
all  the  files  are  named  source2.  These  are  prerequisites  to  executing 
course. ami  which  is  the  primary  tool  of  analysis.  Course 
first  creates  a creates  a euclidean  distance  grid  which  radiates  from  the  sourcel 
grid.  This  grid  is  then  used  to  determine  the  euclidean  distance  from  point  1 to 
point  2.  The  slope  is  calculated  by  subtracting  the  lower  elevation  from  the 
upper  elevation  and  dividing  by  the  euclidean  distance.  A preliminary  cost  grid 
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is  created  by  adding  the  DEM  to  the  euclidean  distance  grid  multiplied  by  the 
slope.  This  effectively  creates  a digital  elevation  model  in  which  a path  that 
follows  the  slope  between  the  two  points  will  have  a constant  elevation  equal  to 
the  elevation  of  the  upper  point.  In  effect,  it  tilts  the  plane  of  the  earth  such  that 
the  slope  at  which  the  canal  flowed  is  now  equal  to  zero.  From  this  preliminary 
cost  model,  a more  sophisticated  model  is  created  which  turns  all  cells  within 
five  meters  in  elevation  of  the  correct  slope  to  zero.  This  ensures  that  the 
euclidean  distance  grid  will  not  overpower  the  model.  A backlink  grid  is  created, 
and  a least  cost  path  which  approximates  the  canal  course  is  plotted.  This  path 
is  renamed  by  the  user  and  all  related  grids  are  destroyed. 

This  model  has  proven  fairly  accurate.  The  five  meter  elevation  window 
can  be  expanded  or  decreased  to  account  for  very  large  or  very  small  cell  sizes. 
One  of  the  key  problems  with  this  model  is  the  fact  that  slope  is  calculated 
based  on  euclidean  distance  rather  than  route  distance.  The  problem  is 
inescapable,  however,  since  calculating  route  distance  depends  on  the 
existence  of  the  canal  course  one  is  trying  to  create. 

The  Euclidean  distance  to  the  two  points  in  the  figure  is  equal.  The 
model  calculates  slope  change  to  be  equivalent  even  though  a should  be  twice 
as  great  as  b.  Therefore,  the  model  will  predict  that  the  elevation  of  b is  much 
greater  than  it  is  since  it  is  far  from  the  straight  line  which  connects  the  upper 
point  and  the  lower  point.  The  model  will  exaggerate  the  canal  course  at  that 
point  since  it  predicts  b is  lower  than  it  actually  is.  The  greater  the  variance 
from  the  straight  line  that  connects  the  upper  point  and  the  lower  point,  the 
greater  the  exaggeration  of  canal  curvature  in  a downslope  direction.  The 
situation  is  remedied  by  having  many  control  points  in  each  canal  network. 
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Extrapolate  Canal  Course  River  to  Point  (RTP) 

Extrapolating  the  canal  course  back  to  a linear  river  source  is 
accomplished  in  much  the  same  way  as  course  interpolates  between  points. 
The  only  difference  is  that  the  destination  point  on  the  river  must  be  calculated 
instead  of  given.  The  source2_grd  in  this  scenario  is  calculated  by  finding  the 
point  at  which  the  final  cost  grid  is  equal  to  zero  and  it  intersects  a river.  In 
other  words,  it  finds  the  location  on  a river  where  the  euclidean  distance  times 
the  slope  (calculated  from  another  point  on  the  canal)  added  to  the  elevation  of 
the  original  point  source  equals  the  actual  elevation  at  the  river. 

This  point  is  defined  as  source2  and  the  analysis  is  carried  out  as  above. 
In  this  model,  the  additional  introduction  of  extrapolation  can  be  a source  of 
great  error.  The  assumption  is  made  that  the  slope  of  the  entire  canal  is  fairly 
uniform.  It  further  assumes  that  the  entire  canal  course  from  top  to  bottom  is 
relatively  linear;  in  fact,  the  more  linear  the  course,  the  more  accurate  the 
model.  The  problem  can  be  somewhat  alleviated  by  ensuring  that  canal  points 
are  sampled  at  the  largest  bends  in  the  course. 

Although  the  analysis  package  created  here  has  severe  limitations,  it  is 
fairly  accurate  for  obtaining  information  on  canal  length,  course,  and  irrigable 
area:  I estimate  that  there  would  exist  no  more  than  ten  percent  error  in  any  of 
these  variables,  and  therefore  accept  its  limitations  for  comparative 
archaeological  analysis. 


Source  Code 


Avenue  Scripts 

/*MKDEM.AVE  accepts  variables  and  sends  them  to  an  ami  which  creates  a 
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DEM  from  a selected  Arcview  active  theme 
theList  = av.getActiveDoc.getThemes 

theTopoCover  = msgBox. Choice  (theList,  “Choose  the  topographic  coverage  to 
convert  into  a DEM:  “”) 

thecellsize  = msgBox. Input  (“Input  the  cell  size  in  meters”,  “cell  size:  ",  “100” ) 
theelevitem  = msgBox. Input  ( “Input  the  elevation  item:  “,  “Elev  Item”, 
“elevation”) 

MsgBox. Info  (“arc7  / &run  amls/dem.aml  “++theTopoCover.AsString++” 
“++thecellsize.AsString++”  “++theelevitem.AsString++”  &”,  “System. Execute” ) 
theNewName  = MsgBox.Input  (“Enter  a new  name  other  than  ‘dem’  for  your 
DEM  grid  “,  “RENAME”,  “”) 

MSGBOx.Info  (“arc  / &r  amis/rename. ami  dem  “++theNewName.AsString, 
“System.  Execute”) 

/*  PTRAVE  accepts  variables  and  sends  them  to  amis  which  interpolates  a 
canal  course  between  two  points  based  on  a DEM 

theDEM  = SourceDialog.Show(“”) 
theList  = av.GetActiveDoc.getThemes 

theTopoCover  = msgBox. Choice  (theList,  “Choose  the  topographic  coverage:  “, 

un  j 

xl  = msgBox. Input  ( “Enter  the  UTM  x coordinate  of  the  upper  point”,  “UTM 
COORDINATE  ENTRY”,  “”) 

yl  = msgBox. Input  ( “Enter  the  UTM  y coordinate  of  the  upper  point”,  “UTM 
COORDINATE  ENTRY”,  “”) 

zl  = msgBox. Input  ( “Enter  the  elevation  of  the  upper  point”,  “UTM 
COORDINATE  ENTRY”,  “”) 

x2  = msgBox. Input  ( “Enter  the  UTM  x coordinate  of  the  lower  point”,  “UTM 
COORDINATE  ENTRY”,  “”) 

y2  = msgBox. input  ( “Enter  the  UTM  y coordinate  of  the  lower  point”,  “UTM 
COORDINATE  ENTRY”,  “”) 

z2  = msgBox. Input  ( “Enter  the  elevation  of  the  lower  point”,  “UTM 
COORDINATE  ENTRY”,  “”) 

MsgBox.Info  ( “arc  /& r amls/sourcel.aml  “++theTopoCover.AsString++” 
“++x1.AsString++”  “++y1  .AsString++”  &”,  “System. Execute”) 

MsgBox.Info  ( “arc  /& r amls/source2.aml  “++theTopoCover.AsString++” 
“++x2.AsString++”  “++y2.AsString++”  &”,  “System. Execute”) 

MsgBox.Info  ( “arc  /& r amls/course.aml  “++theDem.AsString++"  “ 

++z1  .AsString++”  “++x2.AsString++”  “++y2.AsString++”  “++z2.AsString++”  &”, 
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“System. Execute” ) 

theNewName  = MsgBox. Input  (“Enter  a new  name  other  than  ‘canal’  for  your 
canal  coverage  "RENAME”, "”) 

MsgBox.Info  (“arc  / &r  amis/rename. ami  canal  “++theNewName.AsString, 
“System.  Execute”) 

MsgBox.Info  (“arc  / &r  amls/killer.aml”,  “System. Execute”) 

/* RTRAVE  accepts  variables  and  sends  them  to  amis  which  extrapolates  a 
canal  course  from  a point  to  the  river  which  feeds  it  based  on  the  slope  between 
the  point  and  a second  point  downstream 

theDEM  = SourceDialog.Showf”) 
theList  = av.GetActiveDoc.getThemes 

theRiverCover  = msgBox. Choice  (theList,  “Choose  the  river  coverage:  “,  ) 

theTopoCover  = msgBox. Choice  (theList,  “Choose  the  topographic  coverage:  “, 

«»»  j 

xl  = msgBox. Input  ( “Enter  the  UTM  x coordinate  of  the  upper  point”,  “UTM 
COORDINATE  ENTRY”,  “”) 

yl  = msgBox.Input  ( “Enter  the  UTM  y coordinate  of  the  upper  point”,  “UTM 
COORDINATE  ENTRY”,  “”) 

zl  = msgBox.Input  ( “Enter  the  elevation  of  the  upper  point”,  “UTM 
COORDINATE  ENTRY”,  “”) 

x2  = msgBox.Input  ( “Enter  the  UTM  x coordinate  of  the  lower  point”,  “UTM 
COORDINATE  ENTRY”,  “”) 

y2  = msgBox.Input  ( “Enter  the  UTM  y coordinate  of  the  lower  point”,  "UTM 
COORDINATE  ENTRY”,  “”) 

z2  = msgBox.Input  ( “Enter  the  elevation  of  the  lower  point”,  “UTM 
COORDINATE  ENTRY”,  “”) 

MsgBox.Info  ( “arc  /& r amls/sourcel.aml  “++theTopoCover.AsString++” 
“++x1.AsString++”  “++y1.AsString++”  “++z1.AsString++”  “System. Execute”) 
MsgBox.Info  ( “arc  /& r amls/rcourse.aml  “++theDem.AsString++” 
“++theRiverCover.AsString++”  “++z1  .AsString++”  “++x2.AsString++” 
“++y2.AsString++”  “++z2.AsString++”  &’’,  “System. Execute” ) 
theNewName  = MsgBox.Input  (“Enter  a new  name  other  than  ‘canal’  for  your 
canal  coverage  “RENAME”,  “”) 

MsgBox.Info  (“arc  / &r  amis/rename. ami  canal  “++theNewName.AsString, 
“System.  Execute") 

MsgBox.Info  (“arc  / &r  amls/killer.aml”,  “System. Execute”) 
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Arc  Macro  Language  Source  Codes 

r course.aml  projects  a canal  course  based  on  two  point  grids  and  a dem 

&args  dem  za  xb  yb  zb 
grid 

display  9999 

distgrid  = eucdistance  (source1_grd) 

&sv  dist  :=  cellvalue  distgrid  %xb%  %yb% 

&sv  m :=  abs  (%za%  - %zb%)/%dist% 
can_grd  = %dem%  + (distgrid  * %m%) 

cost  = con  (can_grd  >=  (%za%  - 5)  and  con  (can_grd  <=  (%za%  +5), 

0,  can_grd) 

back  = costbacklink  (source1_grd,  cost) 
path  = costpath  (source2_grd,  cost,  back) 

q 

gridline  path  canal 
&retum 

/*  DEM. ami  turns  a topocoverage  into  a DEM 

&args  topocover  cell  size  elevitem 
topogrid  dem  %cell  size% 

Boundary  %topocover% 
contour  %topocover%  %elevitem% 

Datatype  contour 
end 

&return 

r Killer.aml  kills  grids  used  to  create  canal  interpolations 

kill  sourcel 
kill  sourcel _grd 
kill  source2 
kill  source2_grd 
kill  back 
kill  can_grd 
kill  cost 
kill  path 
kill  distgrid 
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kill  riv_grd 
kill  canal 
&return 

/*  rcourse.aml  projects  a canal  course  based  on  a point  grid,  a river,  and  a dem 

&args  dem  river  za  xb  yb  zb 
linegrid  %river%  riv_grd 
grid 

display  9999 

distgrid  = eucdistance  (source1_grd) 

&setvar  dist  :=  (cellvalue  distgrid  %xb%  %yb%) 

&sv  m :=  abs  (%za%  - %zb%)/%dist% 
can_grd  = dem_grd  - (distgrid  * %m%) 

cost2  = con  (can_grd  >=  (%za%  - 5)  and  can_grd  <=  (%za%  + 5),  0,  can_grd) 
cost  = con  ( cost2  < 0,  5000,  cost2) 
kill  cost2 

back  = costbacklink  (source1_grd,  cost) 
source2_grd  = con  (cost  ==  0 and  riv_grd  > 0,  1) 
path  = costpath  (source2_grd,  cost,  back) 

q 

gridline  path  canal 
&return 

/*  rename. ami  renames  the  coverage  to  a user  defined  name 

&args  oldname  newname 
rename  %oldname%  %newname% 
kill  dem 
&return 

/*  sourcel.aml  creates  a point  coverage  and  a source  grid  named  sourcel  and 
source1_grd  for  use  in  canal  interpolation  analysis 

&args  dem  xa  ya 
create  sourcel  %dem% 
generate  sourcel 
points 

1,  %xa%,  %ya% 

end 
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q 

pointgrid  sourcel  source1_grd 
100 
y 

NODATA 

&return 

/*  source2.aml  creates  a point  coverage  and  a destination  grid  named  source2 
and  source2_grd  for  use  in  canal  interpolation 

&args  dem  xa  ya 
create  source2  %dem% 
generate  source2 
points 

1,  %xa%,  %ya% 
end 

q 

pointgrid  source2  source2_grd 
100 
y 

NODATA 

Sreturn 
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APPENDIX  B 

EXCAVATION  DATA  FROM  CANAL  TRENCHES 
Pampa  Chen  Chen  Low  Canal 

The  Chen  Chen  Low  Canal  enters  the  Pampa  Chen  Chen  at  1500 
meters  above  sea  level.  An  excavation  trench  was  cut  through  this  canal  at 
UTM  coordinates  8097839  N and  295694  E,  using  the  datum  and  geoid 
specified  on  Peru’s  Instituto  Geografico  Nacional  maps.  This  canal  represents 
the  lowest  and  the  first  excavated  and  abandoned  canal  on  the  Pampa  Chen 
Chen  based  on  the  superposition  evidence  discussed  in  Chapter  4. 

The  first  layer  excavated  was  approximately  ten  centimeters  in  thickness 
and  blanketed  the  both  canal  and  non-canal  contexts  of  the  excavation  unit.  It 
was  visible  on  the  surface  along  the  canal  course,  but  was  obscured  above  and 
below  the  canal  course  by  a patinated  pebbles  and  rocks  which  litter  the 
surface.  The  soil  matrix  was  a fairly  homogenous  10YR  6/2  silty  sand  mixed 
with  fine  gravel.  This  matrix  probably  represents  relatively  recent  windblown 


canal  width  on  surface 


Figure  B-1:  Pampa  Chen  Chen  low  canal  profile 
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deposition  of  the  canal  bed  from  the  surrounding  fields. 

The  second  excavated  layer  was  a 10YR  7/2  lens  of  grayish  white  ash 
with  flecks  of  volcanic  glass  mixed  into  the  matrix.  This  was  not  a pure  ash 
layer,  but  was  mixed  with  some  of  the  windblown  matrix  of  level  1 . It  did  not 
extend  beyond  the  depression  left  by  the  canal  and  was  probably  deposited 
shortly  after  the  eruption  of  Huayna  Putina  in  the  seventeenth  century  A.  D. 

The  third  layer  was  a 10YR  6/4  highly  compacted  sandy  silt  whose  base 
contained  rounded  pebbles.  This  was  most  likely  water-laid  and  water-worked 
sediment  deposited  in  the  final  silting  episodes  of  canal  operation,  presumably 
before  1000  A.  D. 

The  subsoil  here  is  a 7.5  YR  6/4  very  fine  sand  mixed  with  medium  to 
large  gravel.  From  within  this  subsoil  matrix  directly  beneath  the  downslope 
edge  of  the  canal,  a botanical  sample  was  collected.  From  the  layer  of 
sediment  directly  above  the  subsoil,  a liter  sample  of  the  canal  bed  load  was 
passed  through  a set  of  geological  sieves  and  grain  diameters  were  assessed 
by  volume.  Eighty-four  percent  of  the  particles  in  this  sample  by  volume  were 


Figure  B-2:  Profile  photograph  of  Pampa  Chen  Chen  low  canal  trench 
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below  two  centimeters  in  diameters  with  the  following  breakdown:  350  ml  less 
than  0.5  mm,  50  ml  between  0.5  mm  and  1 mm,  25  ml  between  1 mm  and  2 
mm,  225  ml  between  2 mm  and  1 cm,  300  ml  between  1 cm  and  3 cm,  and  1 
piece  (50  ml)  above  3 cm  in  diameter. 

A trench  was  also  excavated  38  meters  upstream  along  the  abandoned 
canal  course.  Mean  basal  water  level  at  each  trench  was  estimated  and  the 
difference  in  elevation  of  mean  was  level  was  measured  at  6 cm.  Thus,  the 
slope  of  the  canal  at  this  point  was  a very  shallow  .16%  grade. 

Surficial  patterns  indicated  that  the  canal  width  was  around  110  cm  in  the 
primary  trench.  The  canal  profile  width  was  confirmed  in  excavation  by  the 
location  of  a large  rock  on  the  upslope  side  of  the  canal  which  corresponded 
with  the  surficial  canal  course.  The  basal  slopes  and  locations  of  layers  two 
and  three  also  confirm  the  canal  profile.  Estimated  discharge  capacity  is  82 
liters  per  second. 


Pampa  Chen  Chen  Middle  Canal 

The  Chen  Chen  Middle  Canal  is  located  eight  meters  higher  in  elevation 
than  the  low  canal  on  the  Pampa  Chen  Chen.  The  canal  was  trenched  in  two 
places,  at  8097780  N 295880  E and  at  8097690  N 295830  E.  The  latter  trench 
represents  a reconstruction  of  the  middle  canal  at  a slightly  lower  elevation, 
presumably  designed  to  increase  discharge  capacity  in  the  distal  portion  of  the 
canal  system.  Both  the  primary  canal  construction  and  the  succeeding 
reconstruction  are  dated  to  have  operated  between  the  low  and  high  Chen 
Chen  canals  based  on  the  relationship  between  the  canals,  field  systems,  and 
domestic  and  cemetery  sectors. 

Both  canal  trenches  had  similar  soil  layers.  The  upper  layer  was  a 10YR 
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6/2  sandy  silt  mixed  with  small  pebbles  in  the  lower  levels  of  the  layer.  The 
matrix  was  fairly  compact  and  averaged  between  ten  and  twenty  centimeters  in 
thickness.  The  subsoil  was  a 7.5  YR  6/4  medium  sand  mixed  with  gravel  and 
larger  rocks. 

D84  values  in  the  two  trenches  were  fairly  similar  as  well,  both  were 

approximately  2 centimeters  which  conforms  to  the  other  canals  on  the  Pampa 
Chen  Chen.  The  distribution  of  particle  sizes  in  the  latter  trench  included  40 
percent  by  volume  less  than  .5  mm  in  diameter,  5 percent  by  volume  between  .5 
mm  and  2 mm,  20  percent  by  volume  between  2 mm  and  1 cm,  and  9 pieces 
representing  15  percent  by  volume  between  1 cm  and  2 cm.  Four  pieces, 
representing  20  percent  by  volume  of  the  sample,  were  greater  than  2 cm  in 
diameter. 

* The  slope  of  the  original  canal  trench  was  obtained  by  excavating  a 
second  trench  32  meters  upstream  of  the  primary  excavation.  Mean  basal 
water  level  was  estimate  for  the  two  trenches  and  the  difference  in  elevation 
was  measured  at  15  centimeters.  This  equates  to  a .47%  grade  in  the  canal 
course  at  the  excavation  point.  In  the  secondary  excavation  area,  slope  was 
measured  over  a much  shorter  reach  since  preservation  and  canal  course 
dynamics  prevented  the  longer  reaches  I used  in  the  other  excavations  on  the 
Pampa  Chen  Chen.  Here,  slope  calculations  yielded  grades  of  between  .76 
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Figure  B-5:  Profile  Photograph  of  Pampa  Chen  Chen  middle  canal  secondary  trenc 
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percent  and  .98  percent  over  a 3 meter  reach.  However,  these  measurements 
are  not  as  accurate  as  the  longer  reach  measurements  since  the  tools  used  do 
not  have  the  millimetric  precision  necessary  to  make  these  calculations  on  such 
a large  scale,  nor  is  there  any  room  for  error  on  such  a scale  for  the  estimation 
of  mean  basal  water  level. 

Discharge  capacity  measurements  are  only  reliable  for  the  primary 
excavation  since  the  secondary  excavation  slope  measurements  are  not 
necessarily  accurate.  However,  a bankfull  discharge  capacity  of  300  liters  per 
second  would  be  calculated  from  the  data  from  the  secondary  excavation  unit 
should  the  data  have  been  considered  reliable.  In  the  primary  trench,  discharge 
capacity  calculations  estimate  a 63.5  liter  per  second  capacity. 

Pampa  Chen  Chen  High  Canal 

The  High  Chen  Chen  canal  occupies  the  higher  elevations  of  the  Pampa 
Chen  Chen,  approximately  10  meters  in  elevation  above  the  middle  canal  and 
18  meters  above  the  low  canal.  It  has  a similar  sedimentary  structure  to  the 
middle  canal,  and  was  excavated  at  UTM  8097757  N 295987  E.  Since  it  is  the 
only  canal  whose  operation  does  not  conflict  with  the  existence  of  any  domestic 
or  cemetery  sectors,  and  since  it  is  feeds  a field  system  which  covers  the 
middle  canal  at  one  point,  it  is  the  only  canal  compatible  with  the  last  phases  of 
occupation  of  the  Pampa  Chen  Chen.  It  was  thus  presumably  abandoned  by 
1100  A.  D.,  if  not  earlier. 

The  surface  here  was  undulating,  paralleling  the  natural  topography.  On 
either  side  of  the  canal  depression,  two  large  ridges  still  mark  the  activity  of 
cleaning  the  canal  of  silts  from  the  days  of  its  operation.  Peak  to  peak,  the 
ridges  are  2.0  meters  apart;  however,  the  area  of  obvious  canal  width  on  the 
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surface  is  only  70  cm  wide. 

The  first  layer  in  the  excavation  trench  was  a 10YR  6/2  sandy  silt  with 
very  little  gravel  incorporated  into  the  matrix.  This  highly  compact  layer  was  not 
limited  to  the  canal  basin  as  defined  by  surficial  indications,  but  was  distributed 
throughout  the  entire  1.6  meter  wide  excavation  trench  and  was  consistently  15 
centimeters  in  depth. 

The  subsoil  was  the  same  7.5  YR  6/4  fine  sand,  but  was  augmented  by 
much  greater  quantities  of  gravel  and  large  sheet-fragmenting  rocks.  The  canal 
bed  load  diameter  distribution  was  measured  at  the  interface  of  layers  one  and 
two  at  the  lowest  dip  in  the  canal  base.  is  estimated  to  be  2 centimeters 

with  the  following  distribution  based  on  a 1 liter  by  volume  sample:  30  ml  was 
comprised  of  particles  less  than  .5  mm  in  diameter.  15  ml  of  the  sample  was 
between  .5  and  1 mm  in  diameter,  30  ml  was  between  1 and  2 mm  in  diameter, 
325  ml  was  between  2 mm  and  1 cm  in  diameter,  45  pieces  measuring  a 
combined  300  ml  in  volume  were  between  1 and  5 cm  in  diameters,  and  one 
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canal  width  on  surface 


20  cm 


Figure  B-7:  Pampa  Chen  Chen  high  canal  profile 

particle  was  in  excess  of  five  centimeters  in  diameter. 

A trench  was  cut  22  meters  upstream  of  the  primary  canal  trench  and  the 
mean  basal  water  level  was  estimated  for  the  two  trenches.  An  elevation 
difference  of  2 centimeters  was  recorded,  which  results  in  a slope  calculation  of 
0.089  percent,  an  extremely  shallow  grade  which  is  a primary  determinant  in  the 
low  discharge  capacity  calculated  for  this  canal. 

Despite  the  fairly  large  area  cross-section  and  wetted  perimeter  of  this 
canal,  discharge  was  fairly  limited  due  to  the  shallow  slope  --  around  58  liters 
per  second  at  bankfull  discharge. 

Pampa  Huaracane  High  Canal 

The  Pampa  Huaracane  canals  are  located  across  the  valley  from  Chen 
Chen  at  approximately  the  same  elevation.  The  high  canal  is  located 
approximately  200  meters  upslope  of  the  low  canal  across  most  of  the  pampa. 
There  was  very  little  evidence  for  which  of  the  two  Pampa  Huaracane  canals 
was  abandoned  first,  as  they  do  not  appear  to  significantly  overlap  in  irrigation 
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Figure  B-8:  Pampa  Huaracane  high  canal  profile 

areas.  It  is  very  possible  that  the  two  canals  operated  contemporaneously  and 
independently  of  one  another.  However,  in  one  part  of  the  irrigation  system,  a 
feeder  from  the  high  canal  appears  to  cut  the  low  canal.  This  suggests  that  the 
low  canal  may  have  been  abandoned  before  the  high  canal. 

In  any  event,  an  excavation  of  the  high  canal  was  placed  at  UTM 
8101605  N and  293250  E.  There  were  only  two  distinct  soil  types  present  in  the 
excavation  trench  of  the  high  canal.  The  first  type  was  a grey  sandy  silt  mixed 
with  gravel,  10YR  5/2  on  the  Munsell  scale.  This  layer  represented  the  entire 
remnant  canal  channel.  It  was  bounded  on  all  sides  by  the  pampa  subsoil,  a 
7.5  YR  5/4  fine  reddish  sand  mixed  with  pebbles,  an  ancient  alluvial  matrix 
which  forms  the  bulk  of  the  Pampa  Huaracane  geology.  The  canal  bed  load 
composition  was  measured  at  the  junction  of  layers  1 and  the  subsoil.  D84  is 

estimated  to  be  1 centimeter  based  on  the  following  distribution  of  particle  sizes: 
680  ml  less  the  .5  mm  in  diameter,  100  ml  between  .5  and  1 mm  in  diameter,  20 
m I between  1 and  2 mm,  40  ml  between  2 mm  and  1 cm  in  diameter,  and  160 
ml  above  1 cm. 

A trench  cut  8.25  meters  upstream  of  the  primary  trench  had  a mean 
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water  basal  level  7 centimeters  above  that  of  the  primary  trench,  yielding  a 
slope  of  0.85  percent.  Thus,  velocity  is  calculated  to  have  been  0.84  meters  per 
second  at  bankfull  flow  with  a maximum  discharge  of  143  liters  per  second. 

Pampa  Huaracane  Low  Canal 

The  low  canal  on  the  Pampa  Huaracane  is  very  similar  in  structure  to  the 
high  canal.  The  canal  width  on  the  surface  is  noticeably  narrower  than  the  high 
canal,  60  centimeters  compared  to  1 meter.  However,  the  simple  stratigraphic 
sequence  is  very  similar.  Based  on  a trench  excavated  through  the  canal  at 
UTM  8101435  N and  293320  E,  the  first  layer  is  a 10YR  6/2  extremely  fine  silt 
that  is  brownish  gray  in  color.  The  subsoil  is  equivalent  to  that  of  the  high  canal, 
a 7.5  YR  5/4  sand  mixed  with  pebbles. 

Canal  bed  load  composition  was  distributed  in  the  following  manner:  300 
ml  of  the  material  was  less  than  5 mm  in  diameter,  60  ml  fell  between  particle 
sizes  of  .5  and  1 mm,  25  ml  was  between  1 and  2 mm,  250  ml  of  the  sample 
was  between  2mm  and  1 cm  in  diameter,  100  ml  were  between  1 and  2 cm  in 


Figure  B-9:  Pampa  Huaracane  low  canal  profile 
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Figure  B-10:  Profile  photograph  of  the  Pampa  Huaracane  low  canal 


diameter,  and  265  ml  of  the  sample  were  greater  than  2 cm  in  diameter.  Thus, 
D84  is  estimated  to  be  2 centimeters. 

A trench  cut  10  meters  upstream  of  the  primary  excavation  had  a mean 
basal  water  level  13.5  centimeters  higher  than  that  of  the  principal  unit.  Slope  is 
estimated  at  1.35  percent,  giving  a maximum  discharge  of  47  liters  per  second. 

Cerro  Huayco  Canal 

The  Canal  at  Cerro  Huayco  is  one  of  the  principal  ancient  canals  that 
drew  water  from  the  Chujulay  River.  It  parallels  the  course  of  the  Camata 
Canal,  which  is  a few  hundred  meters  high  in  elevation.  At  at  least  one  point, 
terraces  fed  by  the  Camata  Canal  cross  the  path  of  the  Cerro  Huayco  principal 
channel,  indicating  that  the  Huayco  canal  was  abandoned  before  the  Camata 
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Figure  B-11:  Pampa  Coiorada  low  canal  profile  (Cerro  Huayco  canal) 

system  reached  it  maximum  extents.  A trench  was  excavated  in  the  Cerro 
Huayco  canal  at  UTM  8115609  N 305120  E in  an  area  where  the  canal 
traverses  a fairly  strong  slope.  The  bed  of  the  canal  wat  this  point  was  paved 
with  flag  stones  interspersed  with  water  worn  gravel. 

The  stratigraphic  sequence  of  the  trench  was  capped  by  a 10YR  5/2 
sand  and  gravel  matrix  with  a maximum  width  of  5 centimeters  above  the  canal 
sediments.  This  layer  most  likely  represents  topsoil  that  has  relatively  recently 
covered  the  canal  due  to  soil  creep  in  this  highly  inclined  micro-environment. 
Under  this  thin  top  layer,  a thick  layer  of  organic  brown  sand  mixed  with  botanic 
material  filled  the  ancient  channel.  The  sand  was  the  same  10  YR  5/2  Munsell 
soil  color  noted  in  layer  1 . The  second  layer  sat  atop  a rock  lined  channel 
whose  gaps  were  filled  with  a heavier  sediment.  This  third  layer  which  filtrated 
around  the  rock  base  and  sides  was  also  a 10  YR  5/2  color,  but  contained  a 
higher  quantity  of  gravel  than  in  the  second  layer. 

Due  to  the  lack  of  abundant  material  in  between  the  flagstones  at  the 
base  of  the  canal,  D34  measurements  could  not  be  estimated  based  on  the 
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normal  liter  bed  material  sample.  Analysis  of  a small  sample  size  of  200  ml 
from  level  three  yielded  a preliminary  estimate  of  1 cm  for  the  84th  percentile 
diameter  value,  but  this  estimate  is  less  reliable  than  those  for  other  canal  bed 
measurements.  The  slope  over  a 7.4  meter  segment  of  canal  between  the 
profile  mean  basal  water  level  and  an  upstream  trench  was  1 .22  percent.  If  we 
accept  the  preliminary  D84  value  of  1 centimeter,  maximum  discharge  would 
have  been  110  liters  per  second. 


Camata  Canal 

The  Camata  canal  supplied  one  of  the  largest  tracts  of  agricultural  land  in 
the  valley  during  its  operation.  The  upper  layer  within  this  canal  was  a thick 
layer  of  highly  compacted  soil  matrix,  about  20  centimeters  on  average.  This 
layer  was  a 2.5Y  6/2  light  brown  silt  mixed  with  volcanic  ash.  The  relative  purity 


and  thickness  of  the  volcanic  ash  layer  indicates  that  the  canal  course  had  not 
been  completely  filled  in  by  the  time  of  the  1600  A.  D.  eruption  of  the  Huayna 


Figure  B-12:  Pampa  Colorada  high  canal  profile  (Camata  canal) 
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Figure  B-13:  Photograph  of  the  Pampa  Colorada  high  canal  profile 

putina  Volcano.  Thus,  the  canal  was  probably  abandoned  relatively  close  to 
that  date. 


Below  the  thick  volcanic  ash  layer,  a light  brown  fine  silt  mixed  with 
organic  material  between  1 5 and  20  centimeters  thick  represents  the  final 
deposition  of  the  canal.  This  10YR  4/2  soil  overlies  a 5 to  ten  centimeter  thick 
layer  of  a medium  coarse  gray  sand  mixed  with  small  gravel.  Layer  three  is  a 
10  YR  5/2  color  that  represents  the  bed  load  of  the  canal.  A piece  of  wood 
approximately  5 centimeters  in  diameter  was  incorporated  into  the  downslope 
edge  of  this  layer. 

Layer  three  sat  on  bedrock,  which  implies  a relatively  smooth  base. 
Using  a D84  value  of  1 centimeter  as  we  did  with  the  Cerro  Huayco  canal, 

maximum  discharge  would  be  934  liters  per  second  using  the  Manning 
equation.  For  comparison  purposes,  the  discharge  calculations  were  also  run 
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with  the  Chezy  and  Darcy-Weisbach  equations,  resulting  in  discharge  estimates 
of  837  and  1134  liters  per  second,  respectively. 


Ilubaya  Vieja  Canal 


Drawing  its  water  from  the  Torata  River  instead  of  the  Chujulay,  the 
Ilubaya  canal  irrigates  the  southwestern  slope  of  the  same  ridge  occupied  by 
the  Camata  and  Cerro  Huayco  canals.  The  Ilubaya  canal  is  actually  still 
functioning  today.  However,  very  near  its  source,  a landslide  obliterated  a 
section  of  the  canal  in  antiquity.  The  attempts  to  rebuild  the  canal  were 
successful,  but  only  after  dropping  the  elevation  of  the  principal  channel  by  50 
meters.  Thus,  the  ancient  channel  skirts  the  hillside  above  the  modern  channel, 
fringed  on  its  downslope  side  by  agricultural  terraces  which  were  abandoned 
due  to  the  landslide  which  rendered  the  vieja  portion  of  the  canal  inoperable 
(Williams,  1995). 


unexcavated 


20  cm 


Figure  B-14:  Ilubaya  Vieja  canal  profile 
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A trench  was  excavated  into  this  abandoned  canal  at  UTM  8113700  N 
and  307800  E.  This  segment  of  the  canal  was  fringed  with  a stone  border  along 
the  superior  part  of  the  channel,  which  provided  a more  sheltered  environment 
for  the  collection  of  windblown  sediments.  The  upper  layer  of  stratigraphy  in 
this  trench  was  10  to  15  centimeters  thick  and  contained  a 10  YR  6/2  well 
compacted  sandy  silt  mixed  with  ash.  Just  below  it,  a 10  to  15  centimeter  layer 
of  2.5Y  6/2  pure  volcanic  ash  occupies  the  channel.  These  two  layers  represent 
the  post  abandonment  filling  of  the  canal  channel  by  wind  deposited  sediment. 
Since  the  canal  had  not  been  filled  in  completely  by  fluvial  sediments,  and  since 
the  second  layer  was  a relatively  thick  deposit  of  pure  ash  for  this  area,  we  can 
infer  that  the  channel  was  abandoned  not  too  long  (less  than  100  years)  before 
the  volcanic  eruption  of  Huayna  putina  in  A.  D.  1600. 

It  is,  in  fact,  very  reasonable  to  assume  that  the  tectonic  activity  leading 
to  the  eruption  of  Huayna  putina  was  a contributing  agent  to  the  landslide  which 
cut  this  channel  off  from  its  water  source  and  forced  the  drop  of  the  canal 
course  to  a lower  elevation.  In  any  event,  the  fact  that  layers  containing 
volcanic  debris  (layers  1 and  2)  represents  two-thirds  of  the  deposits  in  this 
abandoned  channel  indicate  a pre-1600  A.  D.  abandonment,  and  likely  very 
close  to  that  date. 

. The  third  layer  of  sediment  under  the  ash  layers  is  a 10  YR  5/2  silt 
containing  organic  debris,  characteristic  of  the  fluvial  deposits  found  in  other 
canal  profiles  in  the  upper  valley.  Below  this  third  layer  which  was 
approximately  10  to  20  centimeters  thick,  a 10YR  4/2  sand  and  gravel  layer 
represents  the  base  of  the  canal.  Diameter  measurements  of  the  layer  four 
materials  reflect  a D84  of  1 centimeter.  A trench  was  excavated  7.3  meters 

upslope  of  the  primary  excavation  unit,  and  the  difference  in  mean  basal  water 
level  between  the  two  trenches  was  10  centimeters,  resulting  in  a slope  of  1.37 
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percent.  Thus,  calculated  discharge  of  the  canal  using  the  Darcy-Weisbach 
formula  was  485  liters  per  second.  Chezy  and  Manning  calculations  resulted  in 
discharge  estimates  of  388  and  409  liters  per  second,  respectively. 

El  Paso  Canal 

The  El  Paso  canal  is  one  of  the  longest  in  the  Moquegua  Valley.  It 
irrigated  the  ridge  between  the  Torata  and  Tumilaca  Valleys  and  its  principal 
channel  associated  exclusively  with  sites  of  the  Wari  culture.  The  upper  half  of 
the  canal  course  is  not  preserved  due  to  modern  cultivation  and  road  cuts,  but 
segments  skirting  the  principal  Wari  hilltop  sites  are  still  intact.  A trench  was 
excavated  in  the  most  well  preserved  segment,  located  at  the  approximate 


midpoint  of  the  canal  course.  Located  on  the  slopes  of  Cerro  Mejia  adjacent  to 
the  site  of  El  Paso,  this  portion  of  the  canal  was  stone  lined  for  several  hundred 
meters  along  its  course.  The  trench  was  located  at  UTM  8108690  N 303275  E. 


Figure  B-15:  El  Paso  canal  profile 
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Figure  B-16:  Photograph  of  the  El  Paso  canal  profile 


Sediment  layers  were  deposited  horizontally,  despite  being  located  on  a 
slope,  testifying  to  the  construction  investment  in  levelling  and  terracing  the 
canal  course  before  construction.  The  first  layer  was  a 5 centimeter  thick  10  YR 
5/2  fine  sand  mixed  with  gravel  containing  a very  small  amount  of  volcanic  glass 
specks  resulting  from  the  eruption  of  Huayna  putina.  The  second  layer, 
averaging  30  centimeters  in  depth,  was  a 10  YR  5/2  heavily  compacted  organic 
silt  mixed  with  small  wood  fragments.  This  second  layer  represents  the  fluvial 
deposits  made  during  the  final  stages  of  canal  activity.  Interestingly,  it 
encompasses  over  90  percent  of  the  canal’s  sediment  load,  and  there  is  very 
little  evidence  for  material  deposited  in  association  with  the  volcanic  eruption  or 
with  downslope  movement  of  the  soil.  This  evidence  suggests  that  the  canal 
was  abandoned  several  hundred  years  before  the  eruption  of  Huayna  putina 
which  concurs  with  the  settlement  evidence  associating  the  canal  with  only  the 
Wari  period  of  occupation  (600  to  800  A.  D.). 

Below  layer  2,  a layer  principally  composed  of  small  rocks  and  gravel  is 
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mixed  with  a 10  YR  6/2  silty  sand  devoid  of  organic  matter.  This  third  layer 
represents  the  base  of  the  canal,  and  the  diameter  which  exceed  84  percent  of 
the  particles  by  volume  was  x centimeters.  A trench  excavated  10  meters 
upstream  had  a basal  water  measurement  7 centimeters  above  the  basal  water 
level  for  the  primary  trench,  reflecting  a slope  of  0.7  percent.  Given  a cross- 
sectional  area  of  0.411  square  meters,  discharge  is  estimated  at  393  liters  per 
second  using  the  Darcy-Weisbach  equation.  Chezy  and  Manning  discharge 
estimates  were  401  and  436  liters  per  second  respectively. 

Villa  Cuajone  Canal 


Like  the  Camata  canal,  the  Villa  Cuajone  canal  irrigated  one  of  the 
largest  tracts  of  agricultural  land  in  the  Moquegua  Valley.  The  canal  drew  its 
water  from  the  Torata  River  and  is  located  at  approximately  2800  meters  above 
sea  level.  The  canal  was  cut  at  UTM  8112100  N and  307760  E by  a gully, 


unexcavated 


eroded 


Figure  B-17:  Villa  Cuajone  canal  profile 
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exposing  the  entire  canal  in  cross-section.  This  cross-section  was  cleaned  and 
drawn  and  served  as  the  primary  profile  for  detailing  the  hydraulic 
characteristics  of  this  canal. 

The  first  layer  visible  in  the  cross-section  was  a 30  to  40  centimeter  thick 
7.5  YR  4/2  coarse  sand  and  gravel  layer  incorporating  some  organic  material.  It 
is  typical  of  the  topsoil  found  above  the  canal  in  this  area,  and  represents  a soil 
overburden  deposited  by  downslope  soil  movement  after  the  abandonment  and 
deposition  of  the  canal.  Directly  under  layer  1,  a 5 - 10  centimeter  thick  layer  of 
10  YR  5/2  sand  mixed  with  volcanic  ash  and  gravel  separates  the  overburden 
from  the  canal  channel  deposits.  Layer  three  was  a 2.5  Y 6/2  pure  volcanic  ash 
with  some  intrusive  organic  material,  such  as  shrub  roots,  which  have  invaded 
the  matrix.  It  is  thicker  than  30  centimeters  in  depth  at  the  center  of  the 
channel,  reflecting  the  lack  of  substantial  canal  deposition  at  the  time  of  the  ash 
deposition  around  1600  A.  D. 


Figure  B-18:  Profile  Photograph  of  the  Villa  Cuajone  canal 
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Below  the  ash,  layer  4 is  a five  centimeter  thick  lens  of  a 7.5  YR  5/2  fine 
sand  with  little  gravel  and  abundant  organic  material,  probably  representing  a 
water  laid  deposit  made  at  the  end  of  the  canal’s  life.  Layer  5 is  a thicker  but 
narrower  layer  of  7.5  YR  5/2  silty  sand  with  no  gravel  and  little  organic  material 
which  most  likely  represents  an  episode  of  final  canal  use  for  controlled 
irrigation  purposes.  It  is  bounded  upslope  by  a large  rock.  Downslope  and 
underneath  layer  5,  the  same  7.5  YR  4/2  coarse  sand  with  gravel  that  was 
found  capping  the  canal  deposits  and  representative  of  the  natural  topsoil  along 
this  slope  formed  the  base  of  the  canal. 

A trench  excavated  14.6  meters  upstream  had  a mean  basal  water  level 
6 centimeters  above  that  of  the  primary  profile;  slope  was  calculated  to  be  0.411 
percent.  Diameter  measurements  indicate  that  84  percent  of  the  particles  by 
volume  within  this  sixth  layer  were  smaller  than  7 millimeters  in  size.  These 
slope  and  D84  numbers,  along  with  a cross-sectional  area  of  .7365  square 

meters,  a wetted  perimeter  of  222  centimeters,  and  a hydraulic  radius  of  33.17 
result  in  a Darcy-Weisbach  discharge  of  469  liters  per  second.  Chezy  and 
Manning  estimates  of  discharge  for  this  canal  varied  widely,  estimating  greater 
discharges  of  644  and  738  liters  per  second. 
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APPENDIX  C 

MAPS  OF  AGRICULTURAL  FIELDS  AND  SETTLEMENTS  OF  THE 

MOQUEGUA  VALLEY 


Figure  D-1:  Map  of  the  principal  irrigation  canals  of  the  Camata  irrigation 
system  superimposed  on  a SPOT  image  of  the  region.  The  Camata  sites 
are  iocated  in  the  white  circle  at  the  center  of  the  image. 
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Figure  D-2:  Map  of  the  principal  irrigation  canals  of  the  Villa  Cuajone 
irrigation  system  supenmposed  on  a SPOT  image  of  the  region. 


Figure  D-3:  Map  of  a portion  of  the  Pampa  Chen  Chen  irrigation  system  superimposed  on 
an  aerial  photograph.  Note  the  superposition  of  one  canal  system  over  the  other. 
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Figure  D-4:  Map  of  the  principal  canals  of  the  Pampa  Colabaya  irrigation  system  superimposed 
on  an  aerial  photograph.  The  Estuquifia  site  of  Pukurani  is  located  at  the  top  right  comer  of  the 
image. 
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Figure  D-5:  Map  of  the  Pampa  Huaracane  irrigation  system  superimposed  on  an  aerial 
photograph. 
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Figure  D-6:  Wari  architecture  on  the  summit  of  Cerro  Baul  (Cerro  Baul  Mapping  Project). 
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Figure  D-8:  Summit  architecture  on  the  Wari  site  of  Cerro  Mejia  (Cerro  Baul  Mapping  Project). 


Figure  D-9:  The  architecture  at  the  Wari  site  of  El  Paso  on  the  flanks  of  Cerro  Mejia. 
(Cerro  Baul  Mapping  Project) 
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Figure  D-11:  Map  of  the  architecture  at  Tumilaca  la  Chimba  II  (Williams,  fieldwork) 
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Figure  D-12:  Architecture  at  one  of  the  Tumilaca  Phase  Yacango  sites  at  the  foot  of  Cerro  Baul. 
(Williams  fieldwork) 


Figure  D-13:  Architecture  at  the  site  of  Camata.  The  Estuquifia  Phase  village  is  at  the  top  of 
the  map  and  the  Inka  tambo  is  located  southeast  of  it  (after  Guillaume-Gentil,  1992). 
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Figure  D-14:  Cerro  Huayco,  an  Estuquina  Phase  village.  (Williams  fieldwork) 


Figure  D-15:  The  Chiribaya  site  of  Pocoma  (right)  and  the  associated  Burro  Flaco  site  (left),  on 
the  Pacific  coast  north  of  the  Osmore  river  mouth  (Williams,  fieldwork). 
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APPENDIX  D 

DISCHARGE  MEASUREMENTS  AND  EVAPORATION  AND  SEEPAGE  RATES 

The  hyperarid  Andean  environment  demands  efficient  use  of  water  to 
effectively  maximize  agrarian  outputs,  for  water  is  the  limiting  factor  in 
agricultural  production.  Many  studies  have  commented  on  the  amount  of  water 
that  is  lost  as  it  travels  through  the  western  river  valleys  down  the  mountain 
slopes.  One  reference  indicates  that  on  Peru’s  north  coast,  more  than  fifty 
percent  of  water  by  volume  is  lost  to  evaporation  and  seepage  on  its  journey 
from  the  highlands  to  the  coast.  In  order  to  quantify  exactly  how  much  water  is 
lost  to  evaporation  and  seepage  and  to  adequately  compare  water  conservatism 
among  various  irrigation  strategies,  we  must  be  able  to  account  for  water  loss 
per  distance  travelled  on  a site  specific  basis.  This  analysis  quantifies  water 
loss  for  the  Moquegua  Valley,  a typical  drainage  of  the  western  slopes  of  the 
South-Central  Andes. 

Water  loss  rates  were  calculated  for  six  segments  of  water  courses  within 
the  Moquegua  river  system.  Three  of  the  segments  pertain  to  man  made  canal 
courses,  and  three  of  the  segments  are  natural  river  courses.  In  all  cases, 
segments  were  chosen  so  that  water  withdrawals  for  human  use  were 
minimized.  For  example,  canal  discharges  were  only  measured  across 
segments  from  which  irrigation  waters  were  not  being  drawn.  River  segments 
were  located  in  areas  that  were  not  adjacent  to  agricultural  fields  such  that 
water  deposition  to  and  withdrawal  from  the  segment  would  only  be  effected  by 
evaporation  and  seepage. 
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The  methodology  for  calculating  water  loss  was  to  make  a field 
measurement  of  the  discharge  at  both  endpoints  of  the  target  segment. 

Normally,  I started  with  the  upstream  station,  and  walked  the  course  of  the 
segment  downstream  at  approximately  the  same  rate  as  the  water  velocity. 

This  ensured  two  comparable  discharge  measurements,  the  difference  between 
the  measurements  represents  the  amount  of  water  lost  to  evaporation  and 
seepage  since  I ensured  water  left  the  channel  in  no  other  way.  The  only 
exception  to  this  rule  was  the  Torata  river  segment  which  flows  through  a small 
agricultural  area  known  as  Vallecito  or  Mollesaja.  Here,  a small  amount  of 
water  was  siphoned  from  the  channel  for  irrigation  purposes.  Due  to  the 
intensive  use  of  the  entire  Torata  River,  I could  find  no  extensive  segments  any 
more  suitable  for  the  analysis.  Thus,  water  loss  rates  on  the  Torata  river 
segment  will  be  exaggerated  since  they  include  loss  for  irrigation  purposes  in 
addition  to  natural  subsidence. 

Methodology  for  Collecting  Discharge  Measurements 

Discharge  measurements  were  obtained  using  simple  field  techniques. 
First,  a suitable  location  on  the  channel  was  chosen  based  primarily  on  the 
homogeneity  of  the  channel  course  for  a 50  meter  stretch.  Station  location  was 
also  influenced  by  the  normalcy  of  the  channel  in  comparison  to  the  other  loci 
on  the  water  course.  The  former  characteristic  ensures  that  velocity  data 
collected  over  a 20  meter  segment  at  the  station  will  closely  reflect  the 
instantaneous  velocity  at  the  cross  section  of  the  station.  The  latter  factor 
reflects  an  effort  to  be  consistent  in  choosing  station  areas. 

Next,  a specific  cross-section  was  chosen  and  charted  in  the  following 
manner.  First,  a line  perpendicular  to  the  vector  of  the  water  velocity  was  set 
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across  the  channel.  The  line  was  levelled  with  a line  level  and  the  channel  was 
profiled,  collecting  channel  base  and  water  depth  measurements  every  ten 
centimeters.  This  drawing  was  later  digitized  into  AutoCad  and  the  cross- 
sectional  areas  were  calculated  by  the  computer  program.  Cross-sectional 
area,  A,  is  the  first  variable  needed  to  calculate  station  discharge. 

Once  the  profile  had  been  drawn,  other  perpendicular  lines  were  set  both 
ten  meters  upstream  and  downstream  of  the  profile.  A small  floating  device 
(cork)  was  dropped  into  the  center  of  the  channel  and  the  amount  of  time 
required  to  travel  between  strings  was  noted.  This  procedure  was  repeated  five 
trials  for  both  the  upstream  and  downstream  segments.  All  the  times  were 
averaged  and  a surface  velocity  was  calculated.  Mean  velocity,  V,  was 
estimated  by 

V = 0.85  X surface  velocity  (Knighton,  1984).  However,  since  discharge  data 
will  ultimately  be  compared  in  ratio  form,  the  velocity  co-efficient  is  not  important 
in  assessing  water  loss.  Discharge,  Q,  was  calculated  by  multiplying  cross- 
sectional  area  by  mean  velocity. 

AX  V = Q 

Discharge  data  for  each  segment  endpoint,  or  station,  are  compared  to 
quantify  water  loss  per  distance  traveled.  In  order  to  rectify  differences  in 
segment  distances,  water  loss  is  expressed  as  a percentage  per  kilometer 
traveled.  Thus,  the  following  formula  is  utilized  to  calculate  water  loss  per 
kilometer  over  a segment: 


M (1 -x)d  = N 


196 


where  M is  the  discharge  of  the  upstream  station,  N is  the  discharge  at  the 
downstream  station,  x is  the  percent  water  lost  per  kilometer  and  d is  the  route 
distance  between  stations  M and  N in  kilometers.  This  statistic  permits  the 
evaluation  of  water  loss  rates  within  the  Moquegua  drainage  across  channel 
types,  both  man  made  and  natural. 


TABLE  D-1:  Discharge  Rates  at  Canal  Stations  in  Moquegua 


Canal 

X section 

velocity 

Station 

(m2) 

(m2/sec) 

Torata  Alta 

C 

0.0725 

1.26 

B 

0.2490 

0.354 

A 

0.0988 

0.850 

llubaya 

A 

0.290 

0.729 

B 

0.220 

0.924 

Huaracane 

A 

0.153 

0.944 

B 

0.155 

0.850 

discharge 

(m3/sec) 

UTM  N 

UTM  E 

0.0914 

8112492 

307970 

0.0882 

8112301 

307194 

0.0840 

8111856 

306642 

0.2113 

8113460 

307830 

0.2032 

8113530 

308570 

0.1441 

8102700 

294600 

0.1318 

8101280 

293655 

‘derived  from  field  data  collected  between  October  1995  and  March  1996 


The  canal  data  described  here  reflect  the  discharge  range  of 
approximately  80  percent  of  the  canals  currently  operating  today  in  the 
Moquegua  Valley  (Moquegua  Ministry  of  Agriculture,  1983).  Discharge 
measurements  range  between  75  and  225  liters  per  second,  while  most  velocity 
measurements  are  close  to  1 meter  per  second.  Two  of  the  canals  are  located 
in  the  upper  valley  (Torata  Alta  and  llubaya)  at  elevations  of  approximately  2500 
meters  above  sea  level,  while  the  Huaracane  canal  lies  in  the  middle  valley  at 
1600  meters  above  sea  level.  This  geographic  dispersion  covers  the  major 
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agricultural  zones  of  the  upper  Moquegua  Basin. 

TABLE  D-2:  Discharge  Rates  at  River  Stations  in  Moquegua 


River 

Station 

X section 

(m2) 

velocity 

(m2/sec) 

discharge 

(m3/sec) 

UTM  N 

UTM  E 

Torata 

A 

0.48 

0.33 

0.16 

8108094 

299909 

B 

0.15 

0.61 

0.09 

8103399 

296384 

Tumilaca 

A 

0.85 

0.83 

0.71 

8106760 

306274 

B 

0.72 

0.94 

0.68 

8106193 

305580 

Huaracane 

A 

2.2 

1.63 

3.59 

8108740 

294625 

B 

1.96 

2.50 

4.90 

8102880 

294600 

‘derived  from  field  data  collected  between  October  1995  and  March  1996 

River  discharge  rates  and  velocities  vary  greatly  as  they  represent  data 
gathered  in  the  dry  season  (Torata  and  Tumilaca)  and  the  wet  season 
(Huaracane).  They  also  represent  different  flow  regimes  based  on  elevation. 
The  Torata  stations  range  from  1600  to  2000  masl  and  the  segment  is  at  the 
downstream  end  of  a large  agricultural  zone,  the  Torata  Valley.  The  Tumilaca 
stations  are  located  between  2000  and  2100  masl  and  are  located  upstream  of 
the  major  agricultural  areas  which  this  river  feeds.  The  Huaracane  data  was 
collected  from  stations  between  1600  and  2000  masl,  again  primarily  upstream 
of  the  principal  agricultural  zone  which  this  river  supplies. 

Although  the  data  covers  a relatively  narrow  elevational  range,  it  covers 
both  heavy  and  light  flow  regimes.  It  also  includes  segments  both  upstream 
and  downstream  of  major  human  agrarian  activity.  Finally,  the  data  set 
accounts  for  the  strong  seasonal  variability  in  flow  in  the  rivers  of  the  region. 
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TABLE  D-3:  Water  Loss  Calculations  over  Discharge  Bounded  Segments 


Canal 

length 

loss 

River 

length 

loss 

Segment 

(km) 

rate 

segment 

(km) 

rate 

Torata 

Torata 

CB 

0.9 

3.9% 

AB 

6.5 

8.5% 

BA 

1.1 

4.4% 

CA 

2.0 

4.1% 

llubaya 

Tumilaca 

AB 

1.0 

3.8% 

AB 

1.0 

4.2% 

Huaracane 

Huaracane 

AB 

2.0 

4.4% 

AB 

8.0 

3.7% 

Application  of  the  the  discharge  data  to  the  water  loss  formula  result  in  a 
surprisingly  heterogenous  loss  rates.  Except  for  the  Torata  River  segment, 
whose  loss  rate  is  exaggerated  due  to  irrigation  of  fields  along  the  segment 
course,  all  canal  and  river  loss  rates  fall  between  3.7  and  4.4  percent. 
Surprisingly,  there  is  no  strong  difference  between  rivers  and  canals,  or  between 
higher  elevation  and  lower  elevation  segments.  The  variability  in  the  loss  rate 
can  be  accounted  for  by  slight  geological  differences  in  segment  hydrology. 

More  likely,  a great  deal  of  the  variation  is  a result  of  the  rather  crude  methods 
employed  in  this  analysis.  In  order  to  confirm  this  loss  rate  of  approximately  4 
percent  per  kilometer,  I conduct  an  analysis  on  a system  wide  scale  using  data 
acquired  over  a number  of  years. 

Hydrological  System  Data 

This  means  of  assessing  water  loss  within  a closed  hydrological  system 
examines  the  average  annual  water  budget  for  the  entire  system.  Water  input 
and  derived  water  loss  are  accounted  for  by  subtracting  water  output  at  a 
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particular  point  in  the  system.  Data  collected  by  the  Peruvian  Office  of  Natural 
Resources  (ONERN)  on  the  Moquegua  system  provides  the  means  for  this 
analysis. 

According  to  ONERN  (cited  in  Rice,  1989),  water  enters  the  Moquegua 
hydrological  system  only  through  rainfall,  and  only  at  elevations  above  3500 
meters  above  sea  level.  The  ONERN  data  presents  average  annual 
precipitation  values  within  this  zone,  and  the  total  amount  of  annual  rainfall  in 
millions  of  cubic  meters  can  be  calculated  from  the  data  presented. 

ONERN  also  controls  for  water  discharged  from  the  hydrological  system 
by  presenting  the  average  annual  discharge  of  the  3 tributaries  of  the 
Moquegua  Valley  at  an  elevation  of  circa  2000  meters  above  sea  level.  Thus, 
by  calculating  the  distance  that  water  travels  between  the  humid  basin  above 
3500  meters  and  the  discharge  stations  at  circa  2000  meters,  one  can  estimate 
the  amount  of  water  lost  to  evaporation  and  seepage. 

The  ONERN  data  indicates  that  the  3900-4500  masl  zone  accounts  for 
7.6  percent  of  the  3480  square  kilometer  Moquegua  basin.  The  average  annual 
precipitation  within  this  zone  is  357  millimeters.  The  upper  reaches  of  the 
humid  basin,  between  4500  and  5400  masl,  account  for  ten  percent  of  the  basin 
area  and  average  above  480  millimeters  of  precipitation  annually.  Thus,  the 
average  annual  volume  of  water  precipitated  in  the  humid  basin  is  3480  km2  X 
.076  X .375  m + 3480  km2  X 0.10  X .480  m = 261.44  million  cubic  meters. 

The  discharge  data  for  the  three  principal  tributaries  of  the  Moquegua 
(the  Tumilaca,  Torata,  and  Huaracane)  are  49.3,  41.6,  and  38  million  cubic 
meters  respectively.  Thus  the  total  annual  discharge  at  2000  meters  in 
elevation  is  128.9  million  cubic  meters.  The  average  horizontal  distance 
between  the  humid  basin  and  the  2000  meter  contour  line  at  the  intersection  of 
a river  is  approximately  20  kilometers.  Thus,  solving  for  x in  the  equation  (1- 
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x)20  X 261.44  = 128.9  will  resolve  the  percentage  of  water  loss  per  kilometer 
travelled.  In  this  case,  x = .035  or  3.5  percent. 

While  this  statistic  is  slightly  under  the  4 percent  per  kilometer  estimate 
derived  from  field  studies,  it  is  still  within  the  realm  of  observed  variances. 

Using  the  ONERN  data,  we  also  underestimate  the  water  inputs  into  the  system. 
Water  contributes  to  the  river  system  above  3500  meters,  but  the  data  used 
here  only  accounts  for  water  inputs  above  3900  meters.  If  one  could  account 
for  the  additional  water  contributed  between  3500  and  3900  masl,  the  water  loss 
statistic  would  approach  an  estimated  4 percent. 

The  convergence  of  the  field  data  and  the  ONERN  data  suggest  that 
water  lost  to  evaporation  and  seepage  in  an  open  channel  with  an  unimproved 
earthen  perimeter  will  fluctuate  around  4 percent  per  kilometer.  This  statistic 
provides  a reasonably  accurate  estimate  of  water  conservation  as  one  travels 
downstream  from  the  water  source. 
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geography  led  me  to  Peru  where  ancient  landscapes  are  better  preserved. 

I spent  two  field  seasons  in  Peru,  one  as  field  archaeologist  on  the  llo 
Preceramic  Project  and  another  conducting  a settlement  survey  under  the 
auspices  of  the  same  project.  This  settlement  survey  formed  the  basis  for  two 
different  honors  theses,  one  in  geography  and  the  other  in  anthropology  at 
Northwestern.  I completed  by  B.  A.  in  anthropology  and  in  geography  with 
departmental  honors  in  each,  graduating  with  highest  distinction  from 
Northwestern  in  June,  1993. 

. After  receiving  my  B.  A.,  I worked  as  the  director  of  mapping  on  the 
Cerro  Baul  mapping  project  — an  endeavor  which  led  to  the  identification  of  a 
canal  system  associated  with  the  occupation  of  the  site  circa  600-800  A.  D. 
Following  my  interest  in  agricultural  hydraulics  developed  in  my  geography  B.  A. 
thesis,  I returned  in  the  summer  of  1994  to  investigate  the  abandoned 
agricultural  systems  of  the  Wari  and  Inca  states  in  the  highland  valley  of  Torata. 
This  research  provided  the  data  for  my  M.  A.  thesis,  which  I completed  in  May, 
1995  at  the  University  of  Florida. 
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I returned  to  Peru  immediately  to  participate  in  the  Chen  Chen  Rescue 
Project  as  a collaborator  in  charge  of  mapping  and  directing  the  research  on  the 
agricultural  sectors  of  the  site.  I was  fortunate  to  receive  a Fulbright  fellowship 
slightly  later  that  year  which  allowed  me  to  complete  my  dissertation  research 
as  director  of  Moquegua  Ancient  Agriculture  Project.  I returned  to  Florida  in  the 
summer  of  1996  to  complete  my  analysis  and  write  the  dissertation. 

My  career  as  an  archaeologist  has  been  blessed  with  the  help  and 
advice  of  a number  of  excellent  scholars  and  teachers.  With  their  guidance  and 
my  perseverance  and  hard  work,  I have  been  the  recipient  of  many  honors  and 
awards  including:  G.  A.  Bruno  Postdoctoral  research  grant,  1997;  Charles 
Fairbanks  scholarship,  1997;  Fulbright  Scholarship  to  Peru,  1995;  National 
Science  Foundation  Graduate  Research  Fellowship,  1993;  Northwestern 
University  College  of  Arts  and  Sciences  Student  Achievement  Award  ,1993; 
Illinois  Outstanding  Senior  in  Geography  Award,  1993;  Phi  Beta  Kappa,  1992; 
Charles  D.  Hurd  Scholarship,  1992;  Northwestern  University  Undergraduate 
Research  Grants,  1991  & 1992;  and  the  Robert  C.  Byrd  Scholarship,  1989. 

I plan  to  continue  to  research  the  role  disaster  has  played  the  evolution  of 
social  complexity  in  the  Andes.  I am  in  the  process  of  undertaking  a 
postdoctoral  research  project  at  Cerro  Baul,  Peru.  It  is  a site  of  pivotal 
importance  in  understanding  the  imperial  interaction  between  the  two  largest 
Pre-Inca  empires  of  the  Andes.  As  we  learn  more  about  the  process  of  social 
evolution  in  contexts  such  as  this,  we  become  better  prepared  to  cope  with  the 
disasters  that  threaten  the  future  of  our  own  society. 
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